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 ABSTRACT 
 
 Nosocomial  infection in  neonates remains an important problem in 
 
neonatal medicine. Neonates are more susceptible to nosocomial infection      
 
due  to their  premature   immunological immaturity. 
 
         This study was carried out in the period between January 2006 and   
 
July 2006, and it was intended to :  
                                                               
(i)   isolate and identify bacteria from neonate infections and               
 
      nursery staff nostrils at two hospitals, Omdurman Maternal 
 
      Hospital (OMH) and Turkish Teaching Hospital (TTH), 
 
(ii)  determine the sensitivity of the bacterial isolates to commomly used 
 
      antibiotics. 
 
         To achieve these objectives, sixty five samples were collected from 
 
 neonates and nursery staff at the two hospitals: 
 
forty five samples (20 from OMH and 25 from TTH) were collected from 
 
eyes and  different infected  sites  of  skin from neonates, and 20 samples 
 
were collected from nostrils of nursery staff at OMH. 
 
       The  isolates  were  identified  according  to  their  microscopical 
 
 examination  ,  Gram- staining  reaction and cultural characteristics in 
 
 addition to biochemical tests. 
 
      In the study Staphylococcus species were  recovered from  90% and 
 
 84%  of   the  samples collected  from  neonates  at  OMH  and  TTH, 
 
 respectively,and from 90% of the samples of  nursery staff at OMH. 
xiv 
        In  this  study , fifteen  species  of  Staphylococcus  were identified 
 
Namely,  S.  aureus   ,  S.  epidermidis ,  S.  hyicus, S .auricularis , S. 
 
 Saccharolyticus , S. haemolyticus, S .hominis, S. wareneri  , 
 
 S. saprophyticus   , S .cohni  , S.  caprae ,S.  caseolyticus ,  S. lentus  ,  S. 
 
 lugdunensis,  and  S. schleiferi. 
 
 
          The  predominant  isolates  recovered from  OMH were found to  
 
belong to S. aureus (35%) followed by S. epidermidis (20%), while from 
 
 TTH  S. epidermidis  was  isolated  from  33.3% of the samples followed  
 
by  S. aureus from  28.35  % of the samples. 
 
        The isolates were examined for their susceptibility to the commonly 
 
  used  antimicrobial  agents,  including  penicillin, ampicillin, cloxacillin,  
 
erythromycin,  gentamicin,  streptomycin,  tetracycline,  methicillin, 
 
chloramphenicol  and  vancomycin. 
 
         All isolates showed complete resistance (100%) to penicillin and  
 
ampicillin, and   complete  sensitivity  to  vancomycin . However,  they  
 
showed  variable resistance to the other antibiotics.  
 
              In this study, multi- drug resistance was shown by most isolates. 
 
 The multi-drug resistance varied from 2 (ampicillin and penicillin) to 9 
 
 ( ampicillin ,  penicillin , cloxacillin ,  erythromycin ,  gentamicin , 
 
streptomycin,tetracycline, methicillin, chloramphenicol and vancomycin).  
 
 
 
xv  
         The  most  resistant  strain  was  found  to  be  S. epidermidis  which  
 
 Showed  (50%)  multi-drug  resistance  for  more than five  antimicrobial  
 
agents ,  while  60 %  of   S. aureus  showed  multi - drug  resistance  for  
 
 four antimicrobial agents. 
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  اﻟﺨﻼﺻﺔ
  
        ﺗﻌﺘﺒﺮ اﻻﺻﺎﺑﺎت اﻟﻤﻜﺘﺴﺒﺔ ﻣﻦ اﻟﻤﺴﺘﺸﻔﻴﺎت ﻟﻸﻃﻔﺎل ﺣﺪﻳﺜﻲ اﻟﻮﻻدة ﻣﻦ أهﻢ اﻟﻤﺸﺎآﻞ اﻟﺘﻲ 
  
  ﻓﺎﻷﻃﻔﺎل ﺣﺪﻳﺜﻲ اﻟﻮﻻدة هﻢ اﻷآﺜﺮ ﻗﺎﺑﻠﻴﺔ ﻟﻼﺻﺎﺑﺔ ﺑﺄﻣﺮاض اﻟﻤﺴﺘﺸﻔﻴﺎت،  . ﺗﻮاﺟﻪ ﻃﺐ اﻷﻃﻔﺎل
  
  .وﻳﻌﺰى ذﻟﻚ ﻟﻌﺪم اآﺘﻤﺎل اﻟﺠﻬﺎز اﻟﻤﻨﺎﻋﻲ ﻟﺪﻳﻬﻢ
         
  وآﺎن اﻟﻘﺼﺪ ﻣﻨﻬﺎ ﺗﺤﻘﻴﻖ. م6002 ﻳﻨﺎﻳﺮ وﻳﻮﻟﻴﻮ ﻋﺎم اﺳﺔ ﻓﻲ اﻟﻔﺘﺮة ﻣﺎ ﺑﻴﻦ     أﺟﺮﻳﺖ هﺬﻩ اﻟﺪر
  
  : اﻷهﺪاف اﻟﺘﺎﻟﻴﺔ
  
  ﻣﻦ اﺻﺎﺑﺎت اﻷﻃﻔﺎل ﺣﺪﻳﺜﻲ اﻟﻮﻻدة واﻟﻌﺎﻣﻠﻴﻦ ﺑﻘﺴﻢ  اﻟﻌﻨﻘﻮدﻳﺔ اﻟﻤﻜﻮرةﺑﻜﺘﻴﺮﻳﺎ ﻋﺰل وﺗﻌﺮﻳﻒ -1
 
 .اﻟﺘﺮآﻲ اﻟﺘﻌﻠﻴﻤﻲ ﺑﺎﻟﺨﺮﻃﻮم ﻤﺴﺘﺸﻔﻰ اﻟﻮﻻدة ﺑﺄم درﻣﺎن واﻟﻤﺴﺘﺸﻔﻰﺑ اﻷﻃﻔﺎل
  
 .ﺎﺳﻴﺔ اﻟﻤﻌﺰوﻻت اﻟﺒﻜﺘﻴﺮﻳﺔ ﻟﻠﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ اﻟﻤﻌﺮوﻓﺔﺗﺤﺪﻳﺪ ﻣﺪى ﺣﺴ -2
  
  وﻟﺘﺤﻘﻴﻖ ﺗﻠﻚ اﻷهﺪاف، ﺗﻢ ﺟﻤﻊ ﺧﻤﺴًﺎ وﺳﺘﻴﻦ ﻋﻴﻨﺔ ﻣﻦ اﻷﻃﻔﺎل ﺣﺪﻳﺜﻲ اﻟﻮﻻدة واﻟﻌﺎﻣﻠﻴﻦ    
  
  اﻟﻤﺬآﻮرﻳﻦ ؛ ﺣﻴﺚ ﺗﻢ ﺟﻤﻊ ﻋﺸﺮﻳﻦ، وﺧﻤﺴﺔ وﻋﺸﺮﻳﻦ ﻋﻴﻨﺔ ﻣﻦ  ﻘﺴﻢ اﻷﻃﻔﺎل ﺑﺎﻟﻤﺴﺘﺸﻔﻴﻴﻦﺑ
  
  اﻟﻮﻻدة ﺑﺄم درﻣﺎن واﻟﻤﺴﺘﺸﻔﻰ   ﻣﻦ ﻣﺴﺘﺸﻔﻰاﻟﻌﻴﻮن وأﻣﺎآﻦ اﻻﺻﺎﺑﺎت اﻟﺠﻠﺪﻳﺔ اﻟﻤﺨﺘﻠﻔﺔ 
  
  اﻟﺘﺮآﻲ اﻟﺘﻌﻠﻴﻤﻲ ﺑﺎﻟﺨﺮﻃﻮم ، ﻋﻠﻰ اﻟﺘﻮاﻟﻲ ؛ آﻤﺎ ﺗﻢ ﺟﻤﻊ ﻋﺸﺮﻳﻦ ﻋﻴﻨﺔ أﺧﺮى ﻣﻦ أﻧﻮف 
  
  .اﻟﻌﺎﻣﻠﻴﻦ ﺑﻘﺴﻢ اﻷﻃﻔﺎل ﺑﻤﺴﺘﺸﻔﻰ اﻟﻮﻻدة ﺑﺄم درﻣﺎن
  
  ﻟﺼﻔﺎﺗﻬﺎ و ﻠﻔﺤﺺ اﻟﻤﺠﻬﺮي ، واﻟﺘﻔﺎﻋﻞ ﻣﻊ ﺻﺒﻐﺔ ﺟﺮامﻟ ﻟﻘﺪ ﺗﻢ ﺗﻌﺮﻳﻒ اﻟﻤﻌﺰوﻻت وﻓﻘًﺎ      
  
  ﻤﻜﻮراتوأﻇﻬﺮت اﻟﺪراﺳﺔ أن أﻧﻮاع اﻟ.   اﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴﺔﻟﻼﺧﺘﺒﺎرات  ، ﺑﺎﻻﺿﺎﻓﺔﺰرﻋﻴﺔ  اﻟﻤ
  
  ﻣﻦ  ﺟﻤﻌﺖ ﻣﻦ اﻟﻌﻴﻨﺎت اﻟﺘﻲ  %48  و%   09 وﺻﻠﺖ ﻧﺴﺒﺘﻬﺎﺗﻢ ﻋﺰﻟﻬﺎ  اﻟﻌﻨﻘﻮدﻳﺔ اﻟﺘﻰ
  
  ﻃﻔﺎل ﺣﺪﻳﺜﻲ اﻟﻮﻻدة ﺑﻤﺴﺘﺸﻔﻰ اﻟﻮﻻدة ﺑﺄم درﻣﺎن  واﻟﻤﺴﺘﺸﻔﻰ اﻟﺘﺮآﻲ اﻟﺘﻌﻠﻴﻤﻲ ﺑﺎﻟﺨﺮﻃﻮم ،اﻷ
  
  ﻣﻦ اﻟﻌﻴﻨﺎت اﻟﺘﻲ ﺟﻤﻌﺖ ﻣﻦ اﻟﻌﺎﻣﻠﻴﻦ  ﺑﻘﺴﻢ اﻷﻃﻔﺎل%  09وﺻﻠﺖ  اﻟﻰ  ﺑﻴﻨﻤﺎ ﻋﻠىﺎﻟﺘﻮاﻟﻲ ؛
  
  .ﺑﺄم درﻣﺎن] ﺑﻤﺴﺘﺸﻔﻰ اﻟﻮﻻدة 
  
  
  
 iivx  
   ؛ وهﺬﻩ هﺬﻩ اﻟﺪراﺳﺔ  ﻋﻠﻰ ﺧﻤﺴﺔ ﻋﺸﺮ ﻧﻮﻋًﺎ ﻣﻦ أﻧﻮاع اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻌﻨﻘﻮدﻳﺔ  ﺗﻢ اﻟﺘﻌﺮف ﻓﻲ 
  
  : اﻷﻧﻮاع هﻲ 
  
  
   suerua  succocolyhpatS                     اﻟﻌﻨﻘﻮدﻳﺔ اﻟﺬهﺒﻴﺔ                            
  
  sidimredipe  succocolyhpatS                                            ﺒﺸﺮوﻳﺔاﻟﻌﻨﻘﻮدﻳﺔ اﻟ
  
                                       suciyh   succocolyhpatS  هﺎﻳﻴﻜﺲ              اﻟﻌﻨﻘﻮدﻳﺔ
   
  succocolyhpatS   sirlucirua                                   اﻟﻌﻨﻘﻮدﻳﺔ اﻷذﻧﻴﺔ              
         
  succocolyhpatS sucitylorahccas                       اﻟﻌﻨﻘﻮدﻳﺔ ﺣﺎﻟﺔ اﻟﺴﻜﺮ            
  
 succocolyhpatS sucitylomeah                             اﻟﻌﻨﻘﻮدﻳﺔ ﺣﺎﻟﺔ اﻟﺪم                  
   
   succocolyhpatS                                      sinimoh     اﻟﻌﻨﻘﻮدﻳﺔ اﻻﻧﺴﺎﻧﻴﺔ             
  
   succocolyhpatS                  ireneraw                          اﻟﻌﻨﻘﻮدﻳﺔ اﻟﻮارﻳﻨﻴﺔ           
  
  succocolyhpatS  sucityhporpas                           اﻟﻌﻨﻘﻮدﻳﺔ اﻟﺮﻣﻴﺔ                    
  
   succocolyhpatS                            inhoc                     اﻟﻌﻨﻘﻮدﻳﺔ اﻟﻜﻮهﻨﻴﺔ          
  
   succocolyhpatS earpac                                               اﻟﻌﻨﻘﻮدﻳﺔ اﻟﻤﺎﻋﺰﻳﺔ         
  
   succocolyhpatS  sucityloesac                                         اﻟﻌﻨﻘﻮدﻳﺔ اﻟﻤﺘﺠﺒﻨﺔ       
  
   succocolyhpatS                                sutnel                        اﻟﻌﻨﻘﻮدﻳﺔ اﻟﻌﺪﺳﻴﺔ    
  
    succocolyhpatS       sisnenudgul                                    ﻟﻮﻗﺪﻳﻮﻧﻨﺴﻴﺲ اﻟﻌﻨﻘﻮدﻳﺔ  
 
 succocolyhpatS               irefielhcs                                     ﺷﻠﻴﻔﺮي  اﻟﻌﻨﻘﻮدﻳﺔ  
  
وﻻت ﺑﻤﺴﺘѧﺸﻔﻰ اﻟѧﻮﻻدة ﺑѧﺎم  اﻟﻤﻌѧﺰﻌﺰوﻟѧﺔ ﻣѧﻦ ﺟﻤﻠѧﺔﻤ اﻟاﻷﻧѧﻮاع اﻟﻌﻨﻘﻮدﻳѧﺔ اﻟﺬهﺒﻴѧﺔ أآﺜѧﺮ آﺎﻧѧﺖ      
اﻟﻌﻜѧѧѧﺲ ﺻѧѧѧﺤﻴﺢ ﺑﺎﻟﻨѧѧѧﺴﺒﺔ ، ﺑﻴﻨﻤѧѧѧﺎ %02  ﺑﻤﻌѧѧѧﺪلاﻟﺒѧѧѧﺸﺮوﻳﺔ وﺗﻠﺘﻬѧѧѧﺎ اﻟﻌﻨﻘﻮدﻳѧѧѧﺔ  ،(% )53 درﻣѧѧѧﺎن
واﻟﻌﻨﻘﻮدﻳѧѧѧﺔ  %33,3 اﻟﺒѧѧѧﺸﺮوﻳﺔ ﻟﻠﻤﺴﺘѧѧѧﺸﻔﻰ اﻟﺘﺮآѧѧѧﻰ اﻟﺘﻌﻠﻴﻤѧѧѧﻲ ﺑﺎﻟﺨﺮﻃﻮم،ﺣﻴѧѧѧﺚ ﻣﺜﻠѧѧѧﺖ  اﻟﻌﻨﻘﻮدﻳѧѧѧﺔ 
  .% 8.32 اﻟﺬهﺒﻴﺔ
  
 iiivx
  :ﻣﺜﻞ  ﻟﻠﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ اﻟﻤﻌﺮوﻓﺔ ﺗﻤﺖ دراﺳﺔ ﻣﺪى ﺣﺴﺎﺳﻴﺔ اﻟﻤﻌﺰوﻻت  
   ، )nillicaxolc( ﺎﺳﻴﻠﻴﻦﺴواﻟﻜﻠﻮآ، ( )nillicipma، واﻷﻣﺒﻴﺴﻴﻠﻴﻦ  nillicinep()اﻟﺒﻨﺴﻴﻠﻴﻦ 
 ، واﻻﺳﺘﺮﺑﺘﻮﻣﺎﻳѧѧѧѧѧﺴﻴﻦ )nicimatneg( ، واﻟﺠﻨﺘﺎﻣﻴѧѧѧѧѧﺴﻴﻦ )nicymorhtyre(واﻻرﺛﺮوﻣﺎﻳѧѧѧѧѧﺴﻴﻦ 
، )nillicihtem(ﺴﻴﻠﻴﻦ ، واﻟﻤﻴﺜﻴѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧ)enilcycartet(، واﻟﺘﺘﺮاﺳѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﻴﻜﻠﻴﻦ )nicymotperts(
  . )nicymocnav(، واﻟﻔﺎﻧﻜﻮﻣﺎﻳﺴﻴﻦ )locinehpmarolhc(واﻟﻜﻠﻮراﻣﻔﻴﻨﻴﻜﻮل 
ﻟﻠﺒﻨѧѧѧﺴﻴﻠﻴﻦ   %(001 )ﻤﻌѧѧѧﺰوﻻت أﻇﻬѧѧѧﺮت ﻣﻘﺎوﻣѧѧѧﺔ آﺎﻣﻠѧѧѧﺔ  اﻟﺪراﺳѧѧѧﺔ أن ﺟﻤﻴѧѧѧﻊ اﻟ أوﺿѧѧѧﺤﺖ     
ﺑﻴﻨﻤѧѧﺎ آﺎﻧѧѧﺖ . ﻟﻠﻔﺎﻧﻜﻮﻣﺎﻳѧѧﺴﻴﻦ% ( 001)واﻷﻣﺒﻴѧѧﺴﻴﻠﻴﻦ، وﻓѧѧﻲ ذات اﻟﻮﻗѧѧﺖ أﻇﻬѧѧﺮت ﺣѧѧﺴﺎﺳﻴﺔ آﺎﻣﻠѧѧﺔ 
  .ﻣﻘﺎوﻣﺔ اﻟﻤﻌﺰوﻻت ﻣﺘﺒﺎﻳﻨﺔ ﺗﺠﺎﻩ اﻟﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ اﻷﺧﺮى
  ، ات اﻟﺤﻴﻮﻳѧﺔ  اﻟﺒﻜﺘﻴﺮﻳﺔ ﻣﻘﺎوﻣﺔ ﻟﻠﻌﺪﻳﺪ ﻣﻦ اﻟﻤѧﻀﺎد ﻟﻤﻌﺰوﻻت      آﻤﺎ أوﺿﺤﺖ اﻟﺪراﺳﺔ أن ﻣﻌﻈﻢ ا 
اﻟѧﻰ اﻟﻤﻘﺎوﻣѧﺔ ﻟﺘѧﺴﻊ ﻣѧﻀﺎدات ( أﻣﺒﻴﺴﻴﻠﻴﻦ وﺑﻨﻴﺴﻴﻠﻴﻦ ) ﺣﻴﺚ ﺗﺘﺮاوح ﺑﻴﻦ اﻟﻤﻘﺎوﻣﺔ ﻟﻤﻀﺎدﻳﻦ ﺣﻴﻮﻳﻴﻦ 
ﺎﺳﻴﻠﻴﻦ، وارﻳﺜﺮوﻣﺎﻳѧﺴﻴﻦ، وﺟﻨﺘﺎﻣﻴѧﺴﻴﻦ، واﺳﺘﺮﺑﺘﻮﻣﺎﻳѧﺴﻴﻦ، آѧﺴ ﺑﻨﻴﺴﻴﻠﻴﻦ ، وأﻣﺒﻴﺴﻴﻠﻴﻦ، وآﻠﻮ )ﺣﻴﻮﻳﺔ 
  (.ﻴﻜﻮل ﻨ وﻣﻴﺜﻴﺴﻴﻠﻴﻦ، وآﻠﻮراﻣﻔﻴوﺗﺘﺮاﺳﻴﻜﻠﻴﻦ،
ﻣѧѧﻦ % 05 وأﻇﻬѧѧﺮت أﻋﻠѧѧﻰ ﻧѧѧﺴﺒﺔ   ﻟﻠﻤѧѧﻀﺎدات اﻟﺤﻴﻮﻳѧѧﺔ ﺴﺒﺔ ﻣﻘﺎوﻣﺘﻬѧѧﺎاﻟﺒѧѧﺸﺮوﻳﺔ آﺎﻧѧѧﺖ ﻧѧѧ  اﻟﻌﻨﻘﻮدﻳﺔ
 اﻟﻌﻨﻘﻮدﻳѧﺔ ﻤﻌѧﺰوﻻت ﻣﻨ% 06 ﻣﻘﺎوﻣﺔ ﻷآﺜﺮ ﻣﻦ ﺧﻤﺴﺔ ﻣﻀﺎدات ﺣﻴﻮﻳﺔ ، ﺑﻴﻨﻤﺎ أﻇﻬѧﺮت ﻣﻌﺰوﻻﺗﻬﺎ
  .اﻟﺬهﺒﻴﺔ ﻣﻘﺎوﻣﺔ ﻷرﺑﻌﺔ ﻣﻀﺎدات ﺣﻴﻮﻳﺔ
  xix
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CHAPTER ONE 
 
INTRODUCTION  
 
Staphylococci are Gram- positive spherical bacteria that occur in  
 
clusters.They are among the most important causes of both hospital and 
 
community acquired infections throughout the world. 
  
In  U.S.A  about 10% of  hospitalized  patients acquired significant 
 
nosocomial  infections  (Abedon, 1998). Neonates are  more susceptible 
 
to nosocomial infections than adults due to immunological immaturity, 
 
hence nosocomial infections resulted in considerable  morbidity  and  
 
mortality in neonates, especially  those  in  intensive  care  units ( I C U ). 
 
Data from National Institute  of  Child Heath and   Human Development  
 
In New York indicated that  29% of  infants born at  25 to 28 weeks of 
 
gestation and 46% of infants born  at  less  than  25 weeks of gestation  
 
experienced serious  nosocomial  infections  during  hospitalization. 
 
Moreover, nosocomial infections are responsible  for  almost  50%  of the  
 
deaths that occur beyond two weeksa of age (Richard and Saiman, 2003). 
 
Coagulase  negative staphylococci  (CONS) and  Staphylococcus 
 
aureus  including methicillin resistant (MRSA) ones are considered 
 
as  the  predominant causes  of  hospital  acquired  infections  in  neonates 
 
intensive care units (NICU), and are multiresistant to antibiotics. 
 
Approximately  40%  of  all  infections are caused by CONS, and nearly 
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 5%  of  NICU patients develop bacteremia with CONS, while 55% of all 
  
infections are caused by S. aureus . Most MRSA infections appear to be  
 
associated  with   outbreaks .  Health care   workers  are  implicated   in  
 
transmission. MRSA colonize the anterior nares and provide a source of 
 
 infection and reinfection after local treatment  in  most of  staphylococcal  
 
skin diseases. It   was found that 6 % of hospital´s personnel  were  nasal  
 
carriers for staphylococci (Joly, 1999). 
 
            Little work on nosocomial infection has been carried out in  
 
Sudan, e.g.  nosocomial  surgical  site  infection  with  Staphylococcus  
 
 aureus (Abu El–nour, 1997) ,  drug  resistanance  in  aerobic  nosocomial  
 
 bacterial contaminants   to  selected   antimicrobial   agents    ( Abdalla  ,  
 
1999 ), nosocomial wound infections by   Staphylococcus species in  
 
Omdurman city  (Ali , 2005).   
 
       The aim of the present Study was to:  
 
1. investigate the prevalence of staphylococci that cause nosocomial   
 
infections in neonates, 
 
2. identify  the  different  species of  Staphylococcus  isolated  from 
 
 neonates, 
 
3. determine the sensitivity of the Staphylococcus species isolated to 
 
 commonly used antibiotics. 
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CHAPTER TWO 
LITERATURE REVIEW  
2.1 Nosocomial infections 
    2.1.1 Definition 
         The term nosocomial is derived from the Greek noso,"disease" and 
komein," to take care of". In English, the word nosocomial means 
pertaining to hospital. Hence, nosocomial infections are infections that 
developed and recognized in patients and personnel in hospitals and 
health care institutions. 
         Evan and Feldman (1982) reported that these infections are not 
present or incubating on admission, but nosocomial infections may be 
present on admission if it is residual of previous admission. They also 
reported that, certain nosocomial infections may not be clinically evident 
until after discharge, therefore they are classified as "community- 
acquired infections". 
2.1.2 Characteristics of nosocomial organisms 
             The biological characteristics of nosocomial organisms (e.g., 
bacteria ) were  studied  by Barret  et al. (1968) , Evan and Feldman 
(1982) , Pearce (1997) , and may be summarized as follows: 
a. ability of bacteria to survive in normal flora. 
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b.  ability of bacteria to survive in animate environment of health care 
facility. 
c. ability of bacteria to survive in antimicrobial stress, through 
acquired resistance. 
d. intrinsic virulence: high virulence e.g. Staphylococcus pyogenes,or  
 low virulence but opportunistic pathogen e.g. S. epidermidis . 
e. infective dose.  
             However, the relative frequency of species of bacteria causing 
nosocomial  infection  has changed remarkably  over  the last  30  years  
( Evan and Fieldman,1982).  
2.1. 3 Transmission 
      Microorganisms are transmitted in hospitals by several routes, and the 
same microorganism may be transmitted by more than one route. There 
are five main routes of transmission: contact, droplet airborne, common 
vehicle, and vector borne. 
1. Contact transmission:  the  most  important  and  frequent  mode of     
transmission of nosocomial infections, is divided into two subgroups:  
direct - contact transmission and indirect - contact transmission. 
a. Direct- contact transmission , involves a direct body surface - to - body         
surface contact  and  physical   transfer of microorganisms between a 
susceptible host and an infected or colonized person, as occurs when a 
person turns a patient, gives a patient a bath, or performs other patient-
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care activities that require direct personal contact . It also can occur 
between two patients  , with one serving as the source of infectious 
microorganisms and the other as a susceptible host. 
b. Indirect- contact transmission , involves contact of a susceptible host 
with a contaminated intermediate object, usually inanimate, such as 
contaminated instruments, needles, dressings, or gloves. Additionally, the 
important use of saline flush syringes, vials, and bags have been 
implicated in disease transmission in the US, even when healthcare 
workers had access to gloves, disposable needles, and intravenous 
devices. 
2. Airborne transmission: occurs by dissemination of either airborne 
droplet nuclei (small particle) of evaporated droplets containing 
microorganisms that remain suspended in the air for long periods of time, 
or dust particles containing the infectious agent.Microorganisms carried 
in this manner can be dispersed widely by air currents and may become 
inhaled by a susceptible host in the same room or over a longer distance 
from the source patient, depending on environmental factors; therefore, 
special air handling and ventilation are required to prevent airborne 
transmission. 
3. Common vehicle transmission, applies to microorganisms transmitted 
to the host by contaminated items such as food, water, medications, 
devices, and equipment. 
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2.1.4 Predisposition to infection 
      Factors predisposing a patient to infection can be broadly divided as 
follows: 
a. patients in hospitals are usually in a poor state of health, impairing 
their defence against bacteria- advanced age or premature birth 
along with immunodefiency  ( due to drugs, illness, or irradiation) 
present a general risk, while other diseases can present specific 
risks e.g. chronic obstructive pulmonary disease can increase 
chances of respiratory tract infection. 
b. invasive devices, e.g. intubation tubes, catheters,surgical drains and 
tracheotomy all by  pass the body's natural lines of defence against 
pathogens and provide an easy root for infection.Patients already 
colonized on admission are instantly put at great risk when they 
undergo an invasive procedure. 
c. patient's treatment itself can leave  them vulnerable to infection, 
immunosuppression and antiacid treatment undermine the body's 
defences, antimicrobial therapy(removing competitive flora and 
only leaving resistant organisms), recurrent blood transfusions. 
2.1.5 Microbial contamination in hospitals 
      In hospitals, personnel and workers are usually exposed to microbial 
contamination. Parker (1987) stated that microbial contamination in 
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hospitals became one of the major problemsto those working in the health 
care services. In recent years, the count of pathogens and potentially 
pathogenic microorganisms in hospitals have become increasingly high.In 
this respect,  Evan and Fieldman (1982) reported that the use and abuse of 
broad spectrum antibiotics and chemotherapeutic agents have resulted in 
the emergence of many resistant strains.The number and type of bacteria 
present in outdoor air is less than indoor air, on the otherhand the air from 
wards and air from ventilated windows also contain spore- bearing  
bacteria.In addition bacteria namely micrococci, staphylococci and 
salivary  streptococci spread from bodies of  occupant personnel, (Ayliffe 
and Lowburry ,1982). According to Centre for Disease Control (CDC) 
and National Nosocomial Infection Study (NNIS), 0.9% of nosocomial 
infection directly cause death, and 2.6% of infections contribute to death 
(Evan and Feildman,1982). Likewise,Cormican and Jones (1996) 
reported that S. aureus and coagulase negative staphylococci are the 
etiological organisms in 47- 52% of nosocomial blood stream infections, 
and approximately 30% of all nosocomial infections in USA. 
2.1.6 Nosocomial infections in neonates 
         Nosocomial infections result in considerable morbidity and 
mortality among neonates, especially those in neonatal intensive care 
units (Kawage et al.,2001).Neonates are susceptible to nosocomial 
infections due to immunological immaturity, prolonged hospital stay and 
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the use of invasive procedures (Helisangela et al., 2003).Malik et al. 
(2001) reportd  that commonest    nosocomial  infection was septicemia 
which   represented  83.3%    followed  by   umbilical   sepsis  (7.4%) ,  
pneumonia  (3.7%) ,  and  skin  absceses , pyouderma  and  conjuntvitis 
(1.8%).They also reported that S. epidermidis was the commonest Gram 
positive organism isolated  accounting  for  12.9% of the cases studied. 
Harris (1997) stated that  infections   in premature neonates were most 
frequent  and  habitually  most  serious   and  associated  with  high 
mortality . Likewise  Polin and Saiman   ( 2003 )  mentioned  that   more 
than  200 thounds  nosocomial infections ( in infants and adults)  occured  
each  year ,   and  50%   to  60%  were  caused  by  resistant  organisms. 
However, Pawa et al.(1997) reported that  prolonged period of internment  
of very low birth weight babies (w < 1000 g), in addition to immunological  
immaturity, exigency of mechanical ventilation and intravascular catheter, 
justified  the  major susceptibility  to  microorganisms  and occurrence of 
outbreaks. In this respect, two outbreaks were detected in a period of two 
years (2001-2002) at the Neonate Intensive Care Unit (NICU) of Uberlandia 
Federal  University   Hospital , Brasil .These  two outbreak had  mixed 
etiology of  methicillin  sensitive  S. aureus  and  methicillin  resistant  
coagulase  negative  staphylococcus  ( MRCONS ). The incidence    rates 
of   S. aureus  and CONS were 3.77% and 5.16% respectively, in the 
investigated period of outbreak ( Fujimura,2004). 
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2.2 Staphylococci 
   2.2.1 Defintion 
    The genus Staphylococcus was first discovered by Sir Alexander 
Ogston in 1880. He introduced the name 'Staphylococcus' being derived 
from the Greek word, Staphyle means a branch of grapes, and the word 
Kokus means grains or berry ( Cycles and Thoen,1993; Losksley,1991). 
2.2.2 Classification 
           Meyer and Schleifer (1978) and Schleifer (1979) subdivided the 
genus Staphylococcus into several species groups, i.e. S. epidermidis 
group being the largest one comprising S. epidermidis, S. capitis, S. 
warneri, S. saccharolyticus, S. caprae, S. hominis, and S. haemolyticus; S. 
saprophyticus group comprising S. saprophyticus, S. cohni, S.xylosus.S. 
simulans group including S. simulans and S. carnosus.S. hyicus group 
including S.hyicus and S.chromogenes. 
      S. aureus and S.aurecularis are associated with S.epidermidis group, 
while S. glinarum, S. klossii, S. equrum and S. arlettae are distantly 
related to both S. epidermidis and S.saprophyticus groups.S. delphini and 
S. intermedius formed a separate group, while S. caseolyticus, 
S.lugdunensis and S. schleiferi could not be accommodated into any of 
these groups.However, according to Behme et al.(1996) the genus 
Staphylococcus comprises 33 species and 8 subspecies. 
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2.2.3 Pathogenesis 
           Infection of Staphylococcus usually results from combination of 
bacterial  virulence  factors and diminution  in host  defence (Locksley, 
1991).                               
2.2.3.1 Microbial virulence factors 
   2.2.3.1.1 Cell wall 
       In Staphylococcus the cell wall components include a large 
peptidoglycan complex that confers rigidity on the organism and enables 
it to survive under unfavourable osmotic conditions.A unique teichoic 
acid and protein A are found both attached to peptidoglycan over the 
outermost part of the cell and are released in soluble forms. Both 
peptidoglycan and teichoic acid are capable of activating the complement 
cascade via alternative pathway.Protein A binds portion of certain classes 
of immunoglobulin G(IgG) as well as to Fc receptors on phagocytes and 
may serve as blocking factor preventing neutrophil ingestion of the 
organism ( Locksley,1991).                          
2.2.3.1.2 Enzymes 
    Staphylococcus produces certain enzymes which may play a role in its 
virulence (Sleigh,1990;Walter,1991):  
a. Catalase: degrades hydrogen peroxide and protects the organism during 
phagocytosis when it must withstand the phagocytes' respiratory burst. 
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b. Coagulase: is present in both soluble and cell bound forms and causes 
plasma to clot by formation of thrombin- like material. This enzyme is 
important in pathogenesis of staphylococcal infection, but its precise role 
as a determinant of pathogencity has not been determined. 
c. Hyaluronidase : is produced by many strains. It degrades hyaluronic 
acid in connective tissue matrix and that may promote spread of infection. 
d. Urease: this enzyme is capable of breaking down urea to ammonia, 
alkalinizing the urine and favouring the formation of stones. 
2.2.3.1.3 Toxins 
   S .aureus may produce numerous extra cellular toxins.The expression 
of multiple toxin is coordinately regulated by an accessory gene regulater 
protein, presumably in response to physiochemical environmental stimuli 
( Sleigh,1991). Four different haemolysins designated alpha, beta,gamma, 
and delta toxins have been identified (Locksley,1991).Alpha toxin is also 
dermonecrotic when injected subcutaneously into animals.Delta toxins 
inhibit water absorption by elevating cyclic Amp in guinea pig ilium and 
may play a role in the acute watery diarrhoea seen in some cases of  
Staphylococcus infections. 
        The exfoliation toxin A and B, the staphylococcal entrotoxins, and 
toxic shock syndrome toxin (TSST1) have been implicated in disease. 
Five serologically distinct enterotoxins ( A through E) have been 
implicated in food posisoning due to S. aureus. The toxins enhance 
 12
intestinal peristalis and seem to induce vomiting by a direct effect on the 
central nervous system (Locksley,1991). 
2.2.3.1.4 Antimicrobial resistance 
     Over 90% of both hospital and community strains of S. aureus causing 
infection are resistant to penicillin.Resistance is due to the production of 
beta- lactamase which are plasmid- mediated exoenzymes with affinity 
primarily  for  penicillin .  The  introduction  of  penicillinase -  stable 
derivatives  ( e.g. methicillin - cloxacillin) largely solved  this problem, 
since  these antibiotics  were  not  affected by  staphylococcal  beta -
lactamase. The true penicillase resistant S. aureus  , called methicillin 
resistant S. aureus (MRSA) are resistant to all beta lactam antibiotics, as 
well  as  to  cephalosporin . Resistance  of  MRSA   is  chromosomally 
mediated  and  involves the production of  an altered penicillin-binding 
protein (common PBP2e) of a low  binding  affinity for beta- lactamase. 
MRSA  has  become  wide  spread  especially in  tertiary  care referred 
hospitals  ( Kluytman  et al. , 1996  ). The  characteristic  of   antibiotic 
resistance  plays a  growing  role  in  bacterial  nosocomial  infection. 
Epidemic penicillin- resistant Staphylococcus is controlled by return to 
aseptic  techniques   and  the  development  of  successful   penicillase - 
resistance staphylococcal  drugs  (Swartz,1994). Concurrent  with  these  
events ,  infections  with  Gram- negative  pathogens ,    began to appear 
 ( Swartz,1994). 
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2.2.3.1.5 Diseases of staphylococcus  
               Locksley (1991) summarized the diseases of Staphylococcus as 
follows : 
a. skin  infections :  Some  of   the   common  infections  caused  by 
Staphylococcus  included  folliculitis ,impetigo ,   post- operative wound 
infection, furuncle, hidradenitis, suppurative and carbuncle. A toxin 
mediated staphylococcus disease e.g. staphylococcal scalded syndrome 
(SSS) is a generalized exfoliative dermatitis complicating infection 
caused by toxin producing S. aureus.The disease typically occurs in 
newborn and children under five years  of   age but  it  is   rare  in   adults.   
b. toxic   shock syndrome: Toxic shock syndrome (TSS) affecting 
menstruating women. 
c. food poisoning: food poisoning characterized  by gasteroentritis which 
leads to acute diarrhea and it is due to staphylococcal enterotrotoxin. 
d.  invasive  staphylococcal  infections : these  include  bacteraemia, 
endocarditis,  meningitis,  pneumonia,  osteomyelitis,  septic arthritis, 
urinary tract infection especially caused by S. saprophyticus.Moreover, 
infection of vascular- accessite as a complication of  haemodialysis. 
2.3 Nasal carriage of staphylococcus 
      The most common habitat of S. aureus  is the upper respiratory tract 
of man. Most infants become infected with Staphylococcus during the 
first week of their life, and usually  acquire  the strain associated with 
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their mothers or other people in close contact.Serious infections occur 
only  when  resistance  of  host  is  low  because of hormonal changes, 
debilitating illness,or treatment with steroid or other anti inflammatory 
drugs.Hospital epidemics with antibiotics resistant Staphylococcus may 
occur when patients, whose resistance to infection is lowered, become 
infected from hospital personnel who are nasal carriers of antibiotic- 
resistant  staphylococcus. Many  studies  showed  that  chronic 
staphylococcus infections are associated with carriage of staphylococcus 
(Weinstein,1959 ;  Solberg,1965). Nasal carriage of S. aureus is wide 
spread and of considerable epidemiological significance. William(1959) 
and   Weinsein (1959)  showed that  carriers are more prone to skin sepsis 
and post  operative  infections  caused  by  S. aureus  than  non-carriers. 
Sheretz et al.(1999) reported that nasal carriage of S. aureus was common 
among health care workers, but outbreaks caused by such carriers were 
relatively uncommon.Moreover, they reported that outbreaks of S. aureus 
skin infections that affected newborn infants were attributed to S .aureus 
nasal  carriers , who  had  an  association  with  upper  respiratory  tract 
infections during the outbreaks. An additional example of the important 
role of  nasal  carriage in  infections is an epidemic of bullons impetigo 
by penicillin, tetracycline resistant strain of S. aureus which occurred in a 
newborn  nursery  in  Louisville , Kentucky  (Nakashima  et al., 1984). 
Twenty of 1181 (1.7%) infants at risk developed the disease during the 
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sixth month epidemic period. Clinically  all  case- infants  had  bullons 
impetigo skin lesion. One infant developed staphylococcal septicaemia, 
but no infant died. Furthermore,they reported that an epidemiological 
investigation in which they identified a nurse as having significantly 
greater contact with case infants than control infants ( P ≤ 0.0013). She 
was found to be nasal carrier of  the epidemic strain. Infection control 
measures appeared to decrease infant to infant transmission via hand of 
non-colonized nurses, but did not affect transmission from the nurse 
carrying the epidemic strain to infants. No case of bullons occurred since 
this nurse was temporarily removed from nursery of treatment 
(Nakashima et  al.,1984).Another example of infants infected from 
carrier- nurses was reported by Mitsuda et al. (1999) who examined two 
persistant methicillin resistant S. aureus (MRSA) carrier  nurses  in  a 
maternity hospital to elucidate the transmission of methicillin resistant S. 
aureus from health care providers to new-born infants and to the nurses 
own families. The children of these nurses were carrying genotypically 
identical MRSA strains as their mothers. Both MRSA carrier families 
remained asymptomatic over two- year follow up period. Eradication of 
nasal MRSA carriage from the two nurses resulted in declining MRSA 
carriage  rate infants  in the  nursery. Likewise , Richardson et al.(1990) 
reported that an outbreak of a  skin infection caused by beta-lactamase 
negative strain of MRSA occurred during five week period in newborn 
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nursery. Twelve babies, two mothers and two members of staff were 
involved. One baby had a diagnosis of  Staphylococcus  scalded skin 
syndrome  and  two  other  required  treatments  with  antibiotics. The 
infecting strains produced exofoliative toxin A. It was thought that the 
maternity  unit   laboratory   investigation   tended  to  support  this 
hypothesis. The incidence of nasal carriage S. aureus outside the hospital 
environment   in  Egypt  showed   high   rates  of   coagulase   positive 
staphylococci isolated from new – born in nursery operating theatre staff, 
haemodialysis unit, cancer patient receiving chemotherapy and staff 
member in surgery, chest and internal medicine department. It also 
showed significant difference in isolation rates between patients at 
hospital and control ( normal populations) (Ali et al.,1993). 
2.4 Antibacterial agents 
    2.4.1 Definition 
         The term antibiotics was first coined by Waksman1962).Antibiotics 
are  specific  toxic  substances  produced  by  various  species  of 
microorganisms ( bacteria, fungi and actinomycetes) that suppress  the 
growth  of  other  microorganisms  and  may  eventually  destroy  them    
( Gilman et al.,1980). 
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2.4.2 Action on microorganisms  
      From their behaviour towards bacterial populations, antibacterial 
agents are divided into two classes : 
a. Bactericidal drugs : They have rapid lethal action and they cause 
microbial cell death or lysis.e.g. penicillins, cephalosporins, 
aminoglycosides and polymyxins. 
b. Bacteriostatic drugs : They merely inhibit the growth of organisms 
or inhibit bacterial cell multiplication, but do not kill the 
organisms; e .g.   sulphonamides ,   tetracyclines   and   
choloamphenicol . The differences between the two groups are not 
clear cut and most drugs show   both   bactericidal   and  
bacteriostatic   effect   ( Thomas  et al., 1988 ). 
2.4.3 Classification 
Ι. There are several methods used to classify and to group antimicrobial 
agents. The most common classification has been based on chemical 
structure and proposed mechanisms of  action   (Gilman et  al.,1980)  as 
follows:  
1- Cell wall synthesis inhibitors 
 Agents that inhibit synthesis of active enzymes that involve bacterial 
cell wall synthesis and hence inhibit cell wall synthesis. The inhibition 
of cell  synthesis causes loss of  viability  and  often cell lysis. These 
agents include penicillins and cephalosporins which are structurally 
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similar, and dissimilar agents like cycloserine, vancomycin, rislocetin 
and bacitracin. 
2- Cell membrane function inhibitors 
 Agents that act directly on cell membrane affecting permeability and 
leading to leakage of intracellular compounds or become firmly bound 
to cytoplasmic membrane and act by damaging its structure.These 
agents include the detergents, polymyxin and colistimethale. 
3- Protein synthesis inhibitors 
a- Agents  that affect the function of  bacterial ribosomes  to  cause  
a reversible  inhibition of protein synthesis. These  drugs  include 
chloramphenicol , tetracycline , erythromycin , lincomycin  and 
clindamycin. 
b- Agents that bind to 30s ribosomal subunit and cause  the 
accumulation of protein synthetic initiation complex, misreading of 
mRNA code and production of abnormal polypeptides.e.g. bactericidal 
aminoglycoside group of antibiotics . 
4- Nucleic acid inhibitors  
             Agents that affect nucleic metabolism such as rifampicin which 
ihibits DNA dependent RNA polymerase. 
            Sulphonamides  are structural analogues of para-amino benzoic 
acid  (PABA) and competitively inhibit an enzymic step (dihydropterate 
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synthetase) during PABA incorporated in the synthesis of dihydrofolic 
acid. 
ΙΙ. Another classification with functional utility is based on the general 
antimicrobial activity of various groups of drugs : 
1. groups active mainly against Gram- positive cocci and bacilli, which 
tend  to  have  relatively  narrow  specrum  of  activity  e.g.  penicillin 
G,  the  semi    synthetic   penicillinase   resistant   penicillins  ,  the 
macrolides,  lincomycin,  vancomycin and  bacitracin. 
2. groups active mainly against aerobic Gram -negative bacilli, and 
include the aminoglycosides and polymyxins. 
3. groups with a  relatively broad spectrum activity and affect both 
Gram-positive cocci   and   Gram -  negative   bacilli   (  ampicillin   and   
carbocillin  ) , cephalosporins, tetracyclins,chloramphenicol , 
trimethoprim and sulphonamides ( Gilman et al.,1980). 
2.5 Studies of nosocomial infection in Sudan 
  
      Little work on nosocomial infection has been carried out in  
 
Sudan. Abdalla ( 1990) studied the drugs resistance in aerobic 
 
Nosocomialcontaminant in five hospitals, Saudi Hospital, 
 
 Turkish Teaching Hospitable,Ban Gedid Hospital, Chinese 
 
 Friendship Hospital and Ibraheem Malik Hospital. She found 
 
 that the levels of contamination were above the permissible 
 
 limit of 180 c.f.u./m² of air in the hospitals. She also reported 
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that samples taken from surgical wards showed high degree of 
 
 contamination ,  31% , 28% , 22% , 19% at Gynecology, General 
 
 surgery , Orthopaedics and Medicine,respectively.She concluded 
 
 that  8.6%  of  the isolates were staphylococci and the majority of 
 
 them were multidrug resistant. 
 
         Another study was  carried  out  by  Abu  Elnour  (1997)  on 
 
nosocomial surgical  site  infection with  Staphylococcus  aureus 
 
in  Khartoum . He  reported  that the  rate of nosocomial surgical 
 
site infection was 13.3%, and the most common organism involved 
 
was   S .  aureus  ( 41% ). He also screened  for  nasal carriage  of 
 
S. ureus  among  two  groups  of  patients and  found  that the rate 
 
Of  nasal  carriage  was 23.4%  in  group 1 and  26.1%  in group 2. 
 
Accordingly , he  reported  that  surgical  site  infection rate in nasal 
 
carriers of  S. aureu s was  16% , and  37.5%  of  them were due to 
 
S. aureus . He  also  reported  that  the rate  of  the  nasal carriers of 
 
S. aureus in surgical staff was 33.3% and 26.8% at Khartoum Teaching  
 
Hospital and Soba University Hospital, respectively. Ali (2005) studied  
 
the nosocomial wound infection by Staphylococcus species in Omdurman  
 
city ,  and  reported  that  the  most   common  Staphylococcus   species  
 
associated  with   nosocomial  surgical   wound   infection  were  S.  
 
 caseolyticus   ( 27.8% )   and   S. aureus  (  20.1% )  at   Omdurman 
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 Hospital  and Omdurman  Maternal  Hospital  , respectively . He also  
 
 reported that   the common  Staphylococcus  species caused  nosocomial 
 
 wound   ifection    was  found   to  be   S.   aureus  ( 31.1%  ) and    S. 
 
caseolyticus (37.2% )  at  Omdurman  Hospital  and  Maternal Hospital , 
 
 respectively. 
 
      As far as nosocomial infection in neonates concerned, for 
 
 my knowledge, no work was carried out in Sudan. 
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CHAPTER THREE 
MATERIAL AND METHODS 
3.1 Sterilization 
3.1.1 Flaming 
It was used to sterilize glass slides, cover slips, needles, scalpels 
points of scissors and mouths of culture  tubes  by  passing  them  through 
a Bunsen burner flame without allowing them to become red hot. 
3.1.2 Red heat 
It was used to sterilize loop wires, points of forceps and searing 
spatulas by holding them over a Bunsen burner f1ame until they became 
red-hot. 
3.1.3 Hot air oven 
It was used to sterilize glassware such as bottles, flasks, test tubes. 
Petri dishes, Pasteur pipettes, graduated pipettes and forceps. They were 
sterilized in a hot air oven at 180°C for one hour. 
3.1.4 Steaming at 100°C. 
Repeated steaming (Tyndallization) was used for the sterilization 
of sugars and media that could not be autoclaved without detrimental 
effect to their constituents. It was carried out as described by Cruickshank 
et al. (1975). 
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3.1.5 Moist heat (Autoclave).  
Autoclaving at 121°C (15 lb/inch2) for 15 minutes was used for the 
sterilization of media and plastic wares. Autoclaving at 115°C (10lb/ 
inch2) for 10 minutes was used for sterilization of some media.  
3.2 REAGENTS 
3.2.1 Hydrogen peroxide (H2O2) 
This reagent was obtained from Agropharm limited, Buckingham. 
It was prepared as 3% aqueous solution and stored in a dark and cool 
place. It was used for catalase test. 
3.2.2 Nitrate reagent. 
Nitrate test reagent was consisting of two solutions (A) and (B). 
They were prepared according to Barrow and Feltham (1993). Solution 
(A) was composed of 0.33% sulphanilic acid dissolved by gentle heating 
in 5N acetic acid. Solution (B) was composed of 0.6% dimethylamine-
alfa-naphthylamine dissolved by gentle heating in 5N acetic acid. 
Solution A and B were used for nitrate reduction test. 
3.2.3 Tetramethyl-p-phenylene diamine dihydrochlroide. 
This was prepared in a concentration of 3% aqueous solution and 
was used for oxidase test. 
 
. 
 24
3.2.4 Potassium hydroxide. 
This reagent was obtained from (BDH) and prepared as 4% 
aqueous solution for Voges-Proskaur test. 
3.2.5 Alpha-naphthol solution 
It was manufactured by British Drug House; London (BDH). This 
reagent was prepared as 5% aqueous solution and was used for Vogas-
Proskaur (VP) test. 
3.3 INDICATORS. 
3.3.1 Andrade's indicator. 
It was composed of acid fuchsin 5 g. distilled water 1 liter and N-
NaOH 150 ml. The acid fuchsin was dissolved in distilled water, then the 
alkali solution was added, mixed and was allowed to stand at room 
temperature for 24 hours with frequent shaking until the color changed 
from red to brown. This was used for sugar fermentation. 
3.3.2 Bromothymol blue 
It was obtained from BDH. It was prepared according to Barrow 
and Feltham (I993) by dissolving 0.2 g. of powder in 100 ml distilled 
water. It was used for oxidation fermentation test. 
3.3.3 Neutral red 
Neutral red (Hopkins and William LTD. London) was used for adjusting pH. 
3.3.4  Phenol red. 
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It was supplied by Hopkins and William ltd, London. It was 
prepared as 0.2% aqueous solution. It was used for urea agar base 
medium. 
3.3.5 Plasma 
The plasma used for coagulase test was human plasma, prepared by 
centrifugation of human blood containing anticoagulent. Another prepared plasma 
was obtained from blood bank, Khartoum Hospital. 
3.4 Collection of Blood for Entriched Media 
Blood for enriched media was collected aseptically into a  sterile 
flask containing glass beads by venipuncture of jugular vein of healthy 
sheep kept for this purpose. The blood was defibrinated by shaking the 
sterile flask while and after collection.  
3.5 Preparation of Media 
Different types of media including solid, semi solid and liquid media were 
used for isolation and identification of bacteria. 
3.5.1 Solid Media 
3.5.1.1 Blood agar (Oxoid  B014) 
This medium was composed of dehydrated blood agar base and defibrinated 
sheep blood. The blood agar base contained heart infusion, tryptose, sodium chloride 
and agar. It was prepared according to manufacture's instruction by dissolving 40 g. in 
one liter of distilled water by boiling, mixed and sterilized by autoclaving at 121°C 
for 15 minutes, then cooled to about 50°C. Defibrinated sheep blood was added 
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aseptically to give a final concentration of 10% .  After gentle mixing , 15 ml of 
complete medium was poured into each sterile Petri dish. The poured plates were 
allowed to solidify at room temperature on a  flat surface. 
3.5.1.2 Nutrient agar (Oxoid  CM3) 
The medium composed of beef extract, peptone, sodium chloride and agar. 
The medium was prepared according to manufacturer's instructions by dissolving 28g. 
of the powder in one liter of distilled water by boiling and sterilized by autoclaving at 
121°C for 15 minutes. The medium was then cooled to about 50°C and distributed in 
15 ml amount per plate. The poured plates were left to solidify at room temperature 
on leveled surface. 
3.5.1.3 Urea Agar (Oxoid  CM53) 
The base medium contained peptone, sodium, dextrose, potassium 
dihydrogen phosphate, phenol red and agar. The medium was prepared 
according to the manufacturer's instructions by dissolving  2.4 g. of 
powder in 95 ml distilled water by boiling and was sterilized by 
autoclaving at 121°C for 15 minutes then cooled to 50 – 55°C. Five ml of 
sterile urea solution was added aseptically. The medium was distributed 
in 10 ml amounts in sterile test tubes and allowed to set in sloping 
position. 
3.5.1.4 Mannitol salt sugar (Oxoid  M118) 
One hundred and eleven grams of  dehydrated medium were 
suspended in a liter of distilled water, mixed, steamed to dissolve and 
then the pH was adjusted to 7.5. It was then autoclaved at 121°C for 15 
 27
minutes, cooled and poured into Petri dishes.The poured plates were 
allowed to solidify at room temperature on a flat surface. 
3.5.1.5 Phenolphthalein phosphate agar (CM 151) 
This medium was prepared according to manufacturer's (Oxoid) instructions 
by dissolving 28 gram/liter distilled water. It was then boiled to dissolve the medium 
completely. The medium was sterilized by autoclaving at 15 lbs (121°C) for 15 
minutes, cooled and poured into Petri dishes. The poured plates were allowed to 
solidity at room temperature on a  flat surface. 
3.5.1.6 Deoxyribonuclease (DNase) 
This medium was prepared according to Oxoid instructions, by dissolving 
39 gram/liter distilled water. The medium was boiled till dissolved 
completely, then autoclaved at 15 lbs (121°C) for 15 minutes. It was then 
cooled and poured into Petri dishes. The plates were allowed to solidify at 
room temperature on a  flat surface. 
3.5.1.7 Brain heart infusion agar (CM 375) 
This medium was prepared by suspending 47 g of the medium in 1 liter of 
distilled water. It was then boiled to dissolve the medium completely, and distributed 
in screw-capped bottles (10 ml per bottle) and sterilized by autoclaving at 121°C for 
15 minutes. The medium was then allowed to solidify in slope position. This medium 
was used for preservation. 
3.5.1.8 Mueller-Hinton agar 
This medium was supplied by Oxoid. It consists of protease peptone, beef 
infusion solids and starch. Forty grams of the medium were suspended in one liter of 
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distilled water, then brought to boil to dissolve completely and sterilized by 
autoclaving at 121°C for 15 minutes. The medium was then dispended into sterile 
Petri dishes in portions of 15 ml each. The poured plates were left to solidify at room 
temperature on a leveled surface. 
3.5.2 Semi solid media 
3.5.2.1 Hugh & Leifson's (O/F) medium. 
The medium was composed of dipotassium hydrogen phosphate, 
peptone, sodium chloride, agar and 0.2 % aqueous solution of 
bromocresol purple. The medium was prepared as described by Barrow 
and Feltham (1993). Two grams of peptone powder, 5 g of sodium 
chloride, 0.3 g. of potassium hypophosphate and 3 g of agar were added 
to 1 liter of distilled water and then heated in a water bath at 55°C to 
dissolve the solids. The pH was adjusted to 7.1 before the medium was 
filtered. The indicator bromothymol blue (0.2 % aqueous solutions) was 
then added and the mixture was sterilized by autoclaving at 115°C for 15 
minutes. Filtered sterile glucose solution was added aseptically to give 
final concentration of 1%. Then the medium was mixed and distributed 
aseptically in 10 ml amounts into sterile test tubes of no more than 16 mm 
diameter. 
3.5.2.2 Motility medium 
It consists of nutrient broth, distilled water and agar (0.4%). The 
solid powder was suspended in one liter of distilled water, steamed to 
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dissolve, distributed in 5 – 6 ml amounts in test tubes containing Craigie 
tubes and autoclaved at 121ºC for 10 minutes. Then the medium was 
allowed to cool to become semi solid before using. 
3.5.3 Liquid media 
3.5.3.1 Nutrient broth (Oxoid B274) 
This medium contained, beef extract, peptone and sodium chloride. 
Thirteen grams of nutrient broth  were added to one liter of distilled 
water, mixed well and distributed in 3 ml amounts into clean test tubes, 
then sterilized by autoclaving at 121°C for 15 minutes. 
3.5.3.2 Peptone water (M 028) 
This medium contained peptone and sodium chloride. It was 
prepared according to Barrow and Feltham (1993) by dissolving 10 g of 
peptone and 5 g sodium chloride in one liter of distilled water. The 
medium was mixed well, distributed in 3 ml amounts into clean test tubes 
and sterilized by autoclaving at 121°C. 
3.5.3.3 Peptone water sugar 
Peptone water sugar medium was prepared as described by Barrow 
and Feltham (1993). It contained 900 ml peptone water, 10 ml Andrade's 
indicator, 10 g sugar and 90 ml distilled water. The pH of peptone water 
was adjusted to 7.1 – 7.3 before the addition of Andrade's indicator. The 
sugar was added to the mixture of peptone water and indicator, mixed 
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well, and the medium was then distributed into portions of 2 ml into 
sterile test tubes containing inverted Durham's tubes.The medium in the 
test tube was  covered with metal caps then sterilized by autoclaving at 
115°C (101b/inch2) for 10 minutes and kept at 4°C until used. 
3.5.3.4 Glucose phosphate (MR - VP) medium. 
This medium was prepared according to Barrow and Feltham 
(1993). Five grams of  Peptone and 5g of phosphate buffer (K2HO4) were 
added to one liter of distilled water, steamed till dissolved, filtered and 
pH was adjusted to 7.5. Then 5 g  of glucose were added, mixed well, and 
the medium was distributed into clean test tubes and sterilized by 
autoclaving at 115°C for 15 minutes. 
3.5.3.5 Nitrate broth medium 
This medium was prepared according to Barrow and Feltham 
(1993).One gram potassium nitrate was dissolved in 1 liter nutrient broth, 
distributed into clean test tubes and sterilized by autoclaving at 115°C for 
20 minutes. 
3.6 Collection of samples 
 Samples were obtained from infection sites of skin of hospital 
born neonates (days to 2 weeks old) and from nurses nostrils. The 
samples were collected from Omdurman Maternal Hospital (OMH) and 
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Turkish Teaching Hospital (TTH), Kalakla – Khartoum, during 6 month 
period (January – July 2006) using sterile swabs. 
The swabs were labeled and placed immediately on ice in thermo – 
flasks. Then transferred directly to the Microbiology Laboratory, Faculty 
of Veterinary Medicine, University of Khartoum for bacteriological 
examination. 
 
 
3.7 Bacteriological examination 
3.7.1 Primary isolation 
The samples were cultured aseptically within 2 hr of collection on 
blood agar and mannitol – salt agar. The inoculated plates were then 
imcubated aerobically at 37°C for 24 hours. Further incubation was 
continued for another 24 hours and if no growth was evident, the plates 
were discarded as giving negative results.  
3.7.2 Cultural Characteristics  
All cultures on soild media were examined with naked eye for 
growth , colonial morphology and any changes in the medium. Growth in 
liquid media were also examined with naked eye for turbidity, color 
change, formation of sediments and accumulation of gas in the Durham's 
tubes in case of carbohydrates media. 
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3.7.3 Microscopic examination 
Smears were made from each type of colonies on the primary 
isolation. These were fixed by heating, and stained by Gram stain 
(Barrow and Feltham ,1993) and examined microscopically for cell 
morphology, arrangement and staining reaction. 
 
 
 
3.7.4 Purification 
All isolated bacteria were purified by subculturing from single 
well-separated colonies on either blood agar or nutrient agar using a  
wire-loop. The purity of culture was checked by Gram staining. 
3.7.5 Preservation 
All isolates were inoculated into brain heart infusion agar in Bijou 
bottles.  The inoculated  bottles  were incubated at 37°C for 24 – 48 hours 
and  if there were growth ,  bottles were stored at 4°C,for further studies 
to determine the cultural and biochemical characteristics of the isolates. 
3.8 Identification 
3.8.1 Primary identification 
3.8.1.1 Gram – stain method 
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This method was done as described before, for identification 
purposes following preservation. The stained smears were examined 
microscopically for cell morphology, arrangement and staining reaction. 
3.8.1.2 Catalase test 
The test was carried out as described by Barrow and Feltham 
(1993). A drop of 3% aqueous solution of hydrogen peroxide was placed 
on a clean glass slide. A colony of test culture on nutrient agar was 
picked off and put on the drop of hydrogen peroxide. Evolution of gas 
and appearance of bubbles indicated a positive test. 
3.8.1.3 Oxidase test 
The method of Barrow and Feltham (1993) was followed. Strips of 
filter paper were soaked in 1% solution of tetramethyl-p-
phenylenediamine dihydrochloride and dried in a  hot air oven. To one 
strip placed on a clean glass slide with a sterile forcep, a fresh young 
culture on nutrient agar was smeared with a  sterile glass rod . If a purple 
color developed within 5-10 seconds, the reaction was considered 
positive. 
3.8.1.4 Motility test 
The Craigi tube in semi-solid nutrient agar prepared as described 
before was  used. A small piece of the colony of the bacterium under test 
was picked by the end of a straight wire and stabbed in the center of semi 
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solid agar in the Craigi tube and then incubated at 37°C overnight. The 
organism was considered motile if there was turbidity in the medium 
in/outside the Craigi tube. 
3.8.1.5 Oxidation – fermentation (O/F) test 
The test was carried out as described by Barrow and Feltham 
(1993). Duplicate tubes of Hugh and Leifeson's medium were inoculated 
with tested organism using straight wires. To one of the test tube a layer 
of sterile melted soft paraffin oil was added to a depth of 3 cm above the 
medium to seal it from air. The inoculated tubes were incubated at 37°C 
and examined daily for 14 days. A yellow color in the open tube only 
indicated oxidation of glucose. A yellow color in both tubes indicated 
fermentation , and blue or green color in the open tube and green color in 
the sealed tube indicated production of alkali.  
3.8.2 Secondary identification 
This was done by using biochemical tests which were performed as 
described by Barrow and Feltham (1993). 
3.8.2.1 Coagulase test 
The test was performed as descried by Barrow and Feltham (1993). 
In small test tube 0.5 ml of human plasma diluted 1:10 in saline, and  0.1 
ml of an 18 – 24 h old broth culture of test organism were added.The test 
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tubes were incubated at 37°C and examined after 6 – 24 hr for 
coagulation. Definite clot formation indicated  a positive result. 
The test was also performed as described by Barrow and Feltham 
(1993) on slides. Two colonies of tested culture were placed on a clean 
glass slide, emulsified in a drop saline and then a loopful of human 
plasma was added to the drop of bacterial suspension. Appearance of 
coarse visible clumps was recorded as a  positive result. 
 
 
 
3.8.2.2. Sugar fermentation test 
The test was carried out as described by Barrow and Feltham 
(1993). Peptone water sugar was inoculated with the test organism, 
incubated at 37°C and examined daily for several days. Acid production 
was indicated by appearance of a  reddish color, while gas production 
was indicated by presence of an empty space in the inverted Durham's 
tubes. 
3.8.2.3 Urease activity test 
The test was carried out as described by Borrow and Feltham 
(1993). Test organism was inoculated heavily onto slope urea agar 
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medium and then incubated at 37°C for 2 days. Appearance of a red color 
indicated  a positive reaction. 
3.8.2.4 Voges Proskaur (VP test) 
The test was performed as described by Barrow and Feltham 
(1993). The test culture was inoculated into glucose phosphate medium 
(MR-VP) then incubated at 37°C for 48 h. Three milliliter of 5% alpha-
naphthol solution and one milliliter of 40% potassium hydroxide were 
then added. When a  bright pink color developed within 30 minutes, the 
reaction was regarded as positive. 
 
 
 
3.8.2.5 Nitrate reduction 
Nitrate test was carried out as described by Barrow and Feltham 
(1993). Test culture was lightly inoculated into nitrate broth and 
incubated at 37°C for 2 days. Then 1 ml of solution A followed by 1 ml 
of solution B of nitrate test reagents were added. A red color indicated 
that nitrate in the medium has been reduced. If a red color did not 
develop, powdered zinc was added to see whether there was residual 
nitrate or not. Red color development indicated that nitrate in medium has 
been reduced to nitrite by the zinc but not by the organism, whereas 
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unchanged color indicated that nitrate in the original medium had been 
reduced completely and nitrite was further broken down by the organism. 
3.8.2.6 Deoxyribounclease (DNase test) 
DNase test differentiates between Staphylococcus which produces 
the enzyme DNase and other staphylococci, which do not produce 
DNase. 
Test organisms were cultured in media containing DNA and 
incubated at 37°C overnight. The plates were flooded with dilute 
hydrochloric acid solution (INHCL). Unhydrolyzed DNA was 
precipitated by the acid. DNase producing colonies were surrounded by 
clear areas resulting from DNA absence due to hydrolysis by bacteria 
(Cheesbrough, 1985). 
3.8.2.7 Phenolphthalein phosphate test 
Test organisms was steaked on medium containing phenolphthalein 
phosphate and incubated at 37°C for 48 hours. Ammonium solution was 
poured into the cover of the plate. The bottom containing medium was 
then inverted above the cover to enable ammonia gas to react with the 
medium. A pink colour indicated a  positive result. 
3.8.2.8 Novobiocin sensitivity test 
The standard disc diffusion method was used to examine sensitivity 
of test organism to novobiocin. A plate of Mueller – Hinton agar medium 
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was dried in the incubator at 50°C for 30 minutes. Diluted suspension of 
test organism was poured onto the surface of the medium in the plate. 
Excess fluid was drawn off and the plate was allowed to dry at room 
temperature for 30 minutes. A 5µg novobiocin sensitivity disc 
(Oxoid,Ltd) was gently applied  to the medium using sterile forceps, and 
the plate was incubated at 37°C for 24 hours. The result was reported as 
sensitive if there was a  zone of growth inhibition around the disc or 
resistant if there was no zone of inhibition around the disc. The zone of 
growth inhibition around the disc was measured in millimeters. 
 
 
 
3.9 Sensitivity to antibiotics 
3.9.1 Sensitivity test methods 
3.9.1.1 Method No.1 
Sensitivity to antibiotics was tested by diffusion technique 
(Curickshank et al., 1975). Test bacterium was cultured in peptone water 
and incubated at 37°C for 2 hours. To a  petri dish containing Mueller – 
Hinton agar medium (M–HA)  which was dried in the incubator at 50°C 
for 30 minutes, 1-2 ml of the culture was poured and the inoculum was 
evenly spaead. A  pipette was used to withdraw off the excess fluid and 
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the plate was left to dry at room temperature for 15 minutes. Commercial 
discs ( Oxoid ,Ltd.) were placed on the surface of the inoculated M–HA 
medium. The plate was then incubated aerobically at 37°C for 16-18 
hours and examined for inhibition of growth around  the  disc. Width of 
zone of inhibition was measured in millimeters. 
3.9.1.2 Method No.2 
In this method well-isolated colonies of the test organism were 
emulsified  with a sterile loop in 3-4 ml of sterile physiological saline. 
Inocula of the same turbidity were prepared and used throughout the 
experiment. The standard turbidity was prepared as described by 
Cheesbrough (2000). 
 
A sterile swab was used to inoculate a plate of M-HA medium. The 
surface of the agar was allowed to dry at room temperature for 3-5 
minutes. A dispenser or a  sterile forcep was used to place the 
antimicrobial discs on the surface of the inoculated plate which was 
allowed to stay at room temperature for 30 minutes. Then inverted and 
incubated aerobically at 37°C for 16-18 hours. After incubation, the plate 
was examined for zones of growth inhibition around discs and the width 
of zones was measured in millimeters. 
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CHAPTER FOUR 
RESULTS 
4.1 Survey 
Sixty five swabs were collected from neonates skin nosocomical 
infections and nursery staffs' nostrils at Omdurman Maternal Hospital 
(OMH) and Turkish Teaching Hospital (TTH), during January – July, 
2006, as follows: 
Twenty and twenty five swab samples were collected from 
neonates at OMH and TTH, respectively. The neonates’ swab samples 
were collected from skin lesions on heads, necks, arms, legs or abdomen 
and umbilicus. Twenty swab samples were also collected from the 
nursery staff’s nostrils at OMH. 
All swab samples were cultured onto two media, blood agar and mannitol 
salt agar, and incubated aerobically at 37°C. 
4.2 Identification 
All isolates of bacteria were identified microscopically according 
to their cell morphology, Gram – stain reaction, cultural characteristics 
and biochemical properties, as described by Barrow and Feltham (1993). 
These isolates were identified into 15 species of Staphylococci namely, S. 
aureus,  S. hyicus,  S. epidermidis,  S. auricularis,  S. saccharolytics,  S. 
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haemolytics,  S. hominis,  S. warneri,  S. saporophyticus,  S. cohni,  S. 
caprae,  S. caseolyticus,  S. lentus,  S. lugdunensis,  and  S. chleiferi 
(Table,1).  
4.2.1 Omdurman Maternal Hospital (OMH) 
Ninety percent of the samples from neonates in OMH showed 
positive growth for Staphylococcus, while the remaining 10% were found 
to be Gram- positive bacilli, Gram- positive cocci and Streptococci (Fig., 
1). 
Coagulase negative staphylococci (CONS) were the most frequent 
staphylococci isolated; 13 isolates (65%) compared to 7 (35%) S. aureus 
isolates. Among CONS, S. epedermidis was the most predominant 
species; 4 isolates (20%), followed by 2 isolates (10%) of S. saprophyicus 
and 2 isolates (10%) of S. haemolyticus, and 1 isolate each (5%) of S. 
saccharolyticus, S. caseolyticus, S. warneri, S. cohni and S. schleiferi 
(Tables, 2 a and 2 b). 
Figure 2 shows that 18 nasal swabs (90%) from nursery saff in 
OMH gave positive growth of Staphylococcus, while the remaining 2 
swabs (10%) gave positive growth of  Gram- positive Baccili. 
Coagulase - negative staphylococci (CONS) were the most 
frequent staphylococci isolated from nursery staff nostrils; 16 isolates 
(80%). Among CONS, S. epidermidis was the most predominant species , 
5 isolates (25%) followed by 2 isolates (10%) each of: 
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S. hyicus, S. heamolyticul and S. auricularis, and one isolate  each (5%) 
of :the following: S. caseolyticus, S. saccharolyticus, S. hominis, S. 
schleiferi, S. lugdunensis, S. caprae and S. auricularis .Four coagulase 
positive (S. aureus) (20%) were isolated from nursery staff nostrils 
(Tables 3 a and 3 b). 
4.2.2 Turkish teaching hospital (TTH) 
Twenty one (84%) of the neonates samples collected from TTH 
gave positive growth for Staphylococcus, while the remaining 4 (16%) 
gave growth of Gram-positive cocci (8%) and Gram-positive baccilli 
(8%) (Fig 2). 
CONS were most frequent ; 16 isolates (76.2%) compared to 5 
isolates (23.8%) of S. aureus. Among CONS, there were 7 isolates 
(33.3%) of S. epidermidis, 3 isolates (14.3%) of S. schleiferi, two isolates 
(9.5%) each of : S. haemolyticus and S. caseolyticus and one isolate 
(4.8%) each of :  S. leutus and S. lugdunensis (Tables 4 a and 4 b). 
4.3 Antibiotics  susceptibility 
Tables 5, 6, and 7 show the results of antibiotics susceptibility  and 
resistance of staphylococci from neonates and nursery staff  to different 
antibiotics.Table 8 shows susceptibility to antibiotics of Staphylococci 
isolated from neonates and nursery staff at OMH and TTH. The results 
revealed that all Staphylococcus species isolated in OMH and TTH were 
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resistant to ampicillin (100%) and penicillin (100%). All Staphylococcus 
species isolated from neonates at OMH were resistant to cloxacillin 
(100%), whereas 95%  of isolates from TTH were resistant to this 
antibiotic. 
susceptibility of staphylococcus isolates to other antibiotics varied 
between 38% to 100% in TTH and between 5.6% to 100% in OMH, 
respectively (Table 5). 
All isolates of Staphylococci from the nursery staff at OMH had high  
 
resistance (100%) to ampicillin, penicillin and cloxacillin, while the 
 
 susceptibility of other antibiotics ranged from 60%  to  100% (Tables 5).  
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Table 1.Biochemical properties of Gram-positive  Staphylococcus spp. isolated from neonates infected skin lesions and   
             from nursery staff's nostrils 
 
Staphylococcus species Character 
S.aureus S.hyicus S.epidermidis S.auricularis S.saccharolyticus S.haemolyticus S. hominis 
Growth anaerobically + ND* + ND + + – 
Catalase + + + + + + + 
Oxidase – – – – – – – 
O.F. F F F F F F F 
VP + – + – – + + 
Coagulase + – – – – – – 
Acid From:        
Lactose + + – – + – + 
Maltose + – + + – + + 
Mannitol + – – – – + – 
Fructose + + + + + + + 
Sucrose + + + + – + + 
Trehalose + + – + – + + 
Xylose – – – – – – – 
Raffinose – – – – – – – 
Phosphatase  + + + – – + – 
Nitrate reduction  + + + ND + + + 
Urea hydrolysis  + + + – – ND + 
Novobiocin 
susceptibility  S S S S S S S 
DNase + ND – ND – – ND 
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*ND = Not done  W = weak F = Fermented + = +ve reaction – = –ve reaction   
s = Susceptible   r = Resistant
Table 1. continued 
 
Staphylococcus species Character 
S.warneri S.saprolyticus S.cohni S.caprae S.caseolyticus S.lentus S.lugdunensis S.schleiferi 
Growth anaerobically + ND w + w – + ND 
Catalase + + + + + + + + 
Oxidase – – – – + w – – 
O.F. F F F F F F F F 
VP + + + + – – + + 
Coagulase – – – – – – – – 
Acid From :         
Lactose – + – + + + – – 
Maltose + + + – + + + – 
Mannitol + + + – – + – – 
Fructose + + + – + + + – 
Sucrose + + – – – + + – 
Trehalose + – + + – – + – 
Xylose – – – – – + – – 
Raffinose – – – – – + – – 
Phosphatase  – – – – + + + + 
Nitrate reduction + – – – ND + – + 
Urea hydrolysis + + – – + ND ND – 
Novobiocin 
susceptibility S R r r S r S S 
DNase ND ND – – ND ND ND – 
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Table 2 a : Staphytococcus species isolated from neonates in 
Omdurman Maternal Hospital. 
 
Staphytococcus species  No. isolated Isolation rate (%) 
S. aureus  7 35 
S. epidermidis 4 20 
S. saprophyticus 2 10 
S. haemolytions 2 10 
S. saccharolyticns 1 5 
S. caseolyticus 1 5 
S. warneri 1 5 
S. cohni 1 5 
S. schleiferi 1 5 
Total 20 100 
 
 
 
Table 2 b: Bacteria other than Staphytococcus species isolated from 
neonates in Omdurman Maternal Hospital 
 
Bacteria  No. isolated Isolation rate (%) 
Gram +ve bacilli 4 20 
Gram +ve cocci 1 5 
Streptococcus 1 5 
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 Table 3a: Staphylococcus species isolated from nostrils of nursery 
staff, in Omdurman Maternal Hospital  
 
Staphytococcus species No. isolated Isolation rate (%) 
S. epidermidis 5 25 
S. aureus 4 20 
S. hyicus 2 10 
S. haemolyticus 2 10 
S. caprae 1 5 
S. auricularis 1 5 
S. caseolyticus 1 5 
S. saccharolyticus 1 5 
S. hominis 1 5 
S. schleiferi 1 5 
S. lugdunensis 1 5 
Total  20 100 
 
 
 
 
Table 3 b: Bacteria other than Staphytococcus species isolated from 
nursery staff nostrils, in Omdurman Maternal Hospital.  
 
Bacteria No. isolated Isolation rate (%) 
Gram positive bacillus 2 10 
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Table 4 a: Staphylococcus species isolated from neonates in 
Turkish Teaching Hospital . 
 
Staphytococcus species No.  isolated Isolation rate (%) 
S. epidermidis 7 33.3 
S. aureus 5 23.8 
S. schleiferi 3 14.3 
S. haemolyticus 2 9.5 
S. caseolyticus 2 9.5 
S. lentus 1 4.8 
S. lugdunensis 1 4.8 
Total 21 100.0 
 
 
Table 4 b: Bacteria other than Staphylococcus species isolated from 
neonates in Turkish Teaching Hospital 
 
Bacteria No. isolated Isolation rate (%) 
Gram +ve cocci 2 8 
Gram +ve bacilli 2 8 
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        Table 5: Antibiotics susceptibility of Staphylococcus isolates from neonates in Omdurman Maternal Hospital    
             and Turkish Teaching Hospital and from nursery staff nostrils in Omdurman Maternal Hospital. 
  
Antibiotic examined : Source of 
isolation  NO. of isolates : AMP٭  CHL CXC ERY  GEN  PEN  STR  TET  MET VA 
examined 20 20 20 20 20 20 20 20 13 20 
Susceptible   0 17 1 15 15 0 14 16 5 20 
Neonates 
(Turkish 
Hospital) susceptibility (%) 0 85 5 75 75 0 70 80 38 100
examined 18 18 18 18 18 18 18 18 14 17 
Susceptible   0 15 0 8 14 0 13 12 1 17 
Neonates 
(Omdurman 
Maternal 
Hospital) susceptibility (%) 0 83.3 0 44.4 77.7 0 72.2 66.6 5.6 100
examined 20 20 20 20 20 20 20 20 5 15 
Susceptible   0 18 0 12 20 0 13 18 1 15 
Nursery Staff 
(Omdurman 
Maternal 
Hospital) susceptibility (%) 0 90 0 60 100 0 65 90 20 100
 
 
 
 
 
٭AMP = Ampicillin  10 µg     CHL  = Chloramphenicol 5 µg    CXC  = Cloxacillin 50µg         ERY  =     Erthromycin 5 µg       
GEN   =  Gentamicin 10 µg     PEN  =  Penicillin 1 IU     STR   =   Streptomycin 10 µg             TET  =     Tetracycline 10 µg            
MET  = Methicillin   10 µg     VA  = Vancomycin 5µg    
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Table 6. Antibiotic resistance of Staphylococcus spp. isolated from neonates in OMH. 
 
 
No. of isolates (percentage) resistant to : Staphylococcus 
spp. 
No.of isolates 
examined AMP* CHL CXC ERY GEN PEN STR TET MET VA 
S. aureus 7 7 (100%) 2 (28.5 %) 7 (100%) 4 (57%) 2 (28.5 %) 7 (100%) 2 (28.5%) 3(43.8%) 7(100%) 0 (0 %) 
S. epidermidis 4 4 (100 %) 1(25 %) 4 (100 %) 4 (100 %) 1 (25%) 4 (100%) 2 (50%) 3 (75%) _ 0 (0 %) 
S.saprophyticus 2 2 (100 %) 0 (0 %) 2 (100 %) 2 (100 %) 0 (0 %) 2 (100%) 1 (50%) 0 (0 %) 1(50%) 0 (0 %) 
S. heamolyticus 2 2 (100 %) 0 (0 %) 2 (100 %) 0 (0 %) 0 (0 %) 2 (100%) 0 (0%) 0 (0 %) 1(50%) 0 (0 %) 
S. saccharolyticus 1 1 (100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1(100%) 0 (0%) 0 (0 %) 0 (0%) 0 (0 %) 
S. caseolyticus 1 1 (100 %) 1(100 %) 1(100 %) 1(100 %) 1 (100 %) 1 (100%) 1 (100%) 1(100%) 1(100%) 0 (0 %) 
S. wareneri 1 1 (100 %) 0 (0 %) 1(100 %) 0 (0 %) 0  (0 %) 1 (100%) 0 (0 %) 0 (0%) _٭ 0 (0 %) 
S .schleiferi 1 1 (100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1 (100%) 0 (0 %) 0 (0%) _ 0 (0 %) 
S. cohni 1 1 (100 %) 0 (0 %) 1(100 %) 1 (100 %) 0 (0 %) 1 (100%) 0 (0 %)  1 (100%) _ 0 (0 %)  
 
*AMP = Ampicillin  10 µg     CHL    = Chloramphenicol 5 µg    CXC  = Cloxacillin 50µg         ERY  =     Erthromycin 5 µg       
GEN   =  Gentamicin 10 µg     PEN  =  Penicillin 1 IU     STR   =   Streptomycin 10 µg             TET  =     Tetracycline 10 µg            
MET  = Methicillin   10 µg     VA     = Vancomycin 5µg    
  
—٭   =  not done 
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Table 7.  Antibiotic resistance of Staphylococcus  spp. isolated  from neonates in TTH. 
  
No. of isolates (percentage) resistant to : Staphylococcus 
spp. 
No.of isolates 
examined AMP* CHL CXC ERY GEN PEN STR TET MET VA 
S. aureus 5 5 (100 %) 0 (0 %)  5 (100 %) 0 (0 %) 0 (0 %) 1 (20%) 2 (28.5%) 0 (0 %) 5(100%) 0 (0 %) 
S. epidermidis  7 2 (100 %) 1 (25 %) 7 (100 %) 4 (57 %) 2 (28.5 %) 7 (100%) 1 (28.5%) 1(28.5%) -٭ 0 (0 %) 
S. schleiferi 3 3(100 %) 0 (0 %) 3 (100 %) 0 (0 %) -  3 (100%) - - - 0 (0 %) 
S. heamolyticus 2 2(100 %) 0 (0 %) 2(100 %) 1(550 %) 0  (0 %) 2 (100%) 0 (0 %) 0 (0 %) - 0 (0 %) 
S. caseolyticus 1 1(100 %) 0 (0 %) 1(100 %) 0 (0 %) 0 (0 %) 1 (100%) 0 (0 %) 0 (0 %) - 0 (0 %) 
S. lentus 1 1(100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1 (100%) 0 (0 %) 0 (0%) - 0 (0 %) 
S. lugdunensis 1 1(100 %) 0 (0 %) 1 (100 %) 1 (100 %) 1(100 %) 1 (100%) 1 (100%) 1 (100%) 1(100%) 0 (0 %)  
 
*AMP = Ampicillin  10 µg     CHL    = Chloramphenicol 5 µg    CXC  = Cloxacillin 50µg         ERY  =     Erthromycin 5 µg       
GEN   =  Gentamicin 10 µg     PEN  =  Penicillin 1 IU     STR   =   Streptomycin 10 µg             TET  =     Tetracycline 10 µg            
MET  = Methicillin   10 µg     VA     = Vancomycin 5µg    
  
—٭   =  not done 
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Table 8. Antibiotic resistance of Staphylococcus spp. isolated from nursery staff′s nostrils in OMH.  
 
No. of isolates (percentage) resistant to : 
Staphylococcus spp. No.of isolates examined AMP* CHL CXC ERY GEN PEN STR TET MET VA 
S. aureus 4 4 (100 %) 0 (0 %)  4 (100 %) 0 (0 %) 0 (0 %) 4 (100%) 1 (25%) 1 (25 %) 4 (100%) 0 (0 %) 
S. epidermidis  5 5 (100 %) 1 (20 %) 5 (100 %) 2 (40 %) 0 (0 %) 4 (100%) 2 (40%) 1(20%) 1(20%) 0 (0 %) 
S. hyicus 2 2 (100 %) 0 (0 %) 2 (100 %) 2 (100 %) 0 (0 %) 2 (100%) 1 (50%) 0 (0 %) - * 0 (0 %) 
S. heamolyticus 2 2 (100 %) 0 (0 %) 2 (100 %) 1 (50 %) 0 (0 %) 2 (100%) 0 (0 %) 0 (0 %) - 0 (0 %) 
S. caprae     1 1 (100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1 (100%) 1 (100%) 0 (0 %) - 0 (0 %) 
S. auricularis 1 1 (100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1 (100%) 1 (100%) 0 (0 %) - 0 (0 %) 
S. saccharolyticus 1 1 (100 %) 0 (0 %) 1 (100 %) 1 (100 %) 0 (0 %)  1 (100%) 0 (0 %) 0 (0 %) - 0 (0 %)  
S. hominis 1 1 (100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1 (100%) 1 (100%) 0 (0 %) - 0 (0 %) 
S. schleiferi 1 1 (100 %) 0 (0 %) 1 (100 %) 0 (0 %) 0 (0 %) 1 (100%) 0 (0 %) 0 (0 %) - 0 (0 %) 
S. lugdunensis 1 1 (100 %) 1 (100 %) 1 (100 %) 1 (100 %) 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) - 0 (0 %) 
 
 
*AMP = Ampicillin  10 µg     CHL    = Chloramphenicol 5 µg    CXC  = Cloxacillin 50µg         ERY  =     Erthromycin 5 µg       
GEN   =  Gentamicin 10 µg     PEN  =  Penicillin 1 IU     STR   =   Streptomycin 10 µg             TET  =     Tetracycline 10 µg            
MET  = Methicillin   10 µg     VA     = Vancomycin 5µg    
—٭   =  not done 
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Table 9. Multiple drugs resistance of Staphylococcus species 
isolated from neonates in OMH. 
 
 
 
 
Number of isolates  resisted to number of antibiotics : 
 Staphylococcus spp. No.of isolates examined 1 2 3 4 5 6 7 8 9 
 
10 
 
 
S. aureus 
 
7 0 0 0 2 2 1 0 1 1 0 
 
S. epidermidis 
 
4 0 0 0 1 0 2 1 0 0 0 
 
S. saprophyticus 
 
2 0 0 0  1 0 1 0 0 0 0 
 
S. heamolyticus 
 
2 0 0 0 2 0 0 0 0 0 0 
 
S. saccharolyticus 
 
1 0 0 1 0 0 0 0 0 0 0  
 
S. caseolyticus 
 
1 0 0 0 0 0 0 0 0 1 0 
 
S. wareneri 
 
1 0 0 1 0 0  0 0 0 0 0 
 
S. schleiferi 
 
1 0 0 1 0 0 0 0 0 0 0 
 
S. cohni 
 
1 0 0 0 0 1 0 0 0 0 0 
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Table 10. Multiple drugs resistance of Staphylococcus species 
isolated from neonates in TTH. 
 
 
 
 
 
 
 
 
 
Number of isolates  resisted to number of antibiotics : 
 Staphylococcus 
spp. 
No.of isolates 
examined 1 2 3 4 5 6 7 8 9 
 
10 
 
S. aureus 5 0 0 0 5 0 0 0 0 0 0  
S. epidermidis 7 0 0 2 0 1  2 2 0 0 0 
S. schleiferi 3 0 0 1 1 0 0 1 0 0 0 
S. heamolyticus 2 0 0 1 1 0 0 0 0 0 0 
S. caseolyticus 1 0 0 1 0 0 0 0 0 0 0 
S. lentus 1 0 0 0  0 0 0 0 0 0 0 
S. lugdunensis 1 0 0 0 0 0 0 0 1 0 0 
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Table 11. Multiple drugs resistance of Staphylococcus species 
isolated from  nursery staff′s nostrils in OMH. 
 
 
 
Number of isolates  resisted to number of antibiotics :Staphylococcus 
spp. 
No.of isolates 
examined 
1 2 3 4 5 6 7 8 9 10 
S. aureus 4 0  0 0 3 0 1 0 0 0 0 
S. epidermidis 5 0 0 2 1 1  0 0 1 0 0 
S. hyicus 2 0 0 0 1 1 0 0 0 0 0 
S. heamolyticus 2 0 0 1 1 0 0 0 0 0 0 
S. saccharolyticus 1 0 0 0 1 0 0 0 0 0 0 
S. caprae 1 0 0 0 1 0 0 0 0 0 0 
S. auricularis 1 0 0 1 0 0 0 0 0 0 0 
S. schleiferi 1 0 0 1 0 0 0 0 0 0 0 
S. hominis 1 0 0 0 1 0 0 0 0 0 0 
S. lugdunensis 1 0 0 0 1 0 0 0 0 0 0 
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Table 12. Multiple drugs resistance of Staphylococcus species isolated at 
OMH and TTH. 
 
 
 
 
 
 
Number of isolates  resisted to number of antibiotics : Staphylococcus 
spp. 
No.of isolates 
examined 1 2 3 4 5 6 7 8 9 10 
S. aureus  16 0 0 0 10 2 2 0 1 1 0 
S. epidermidis 16 0 0 5 3 1  4  2 1 0 0 
S. hyicus 2 0 0 0 1 1 0 0 0 0 0 
S. heamolyticus 6 0 0 2 4 0 0 0 0 0 0 
S. saccharolyticus 3 0 0 1 2 0 0 0 0 0 0 
S. caprae 1 0 0 0 1 0 0 0 0 0 0 
S. auricularis 1 0 0  1 0 0 0 0 0 0 0 
S. schleiferi 5 0 0 3 1 0 0 1 0 0 0 
S. hominis 1 0 0 0 1 0 0 0 0 0 0 
S. lugdunensis 2 0 0 0 1 0 1 0 0 0 0 
S. caseolyticus 4 0 0 2 1 0 0 0 0 1 0 
S. saprophyticus 2 0 0 0 1 0 1 0 0 0 0 
S. warneri 1 0 0 1 0 0 0 0 0 0 0 
S. cohni 1 0 0 0 0 1 0 0 0 0 0 
S. lentus 1 0 0 1 0 0 0 0 0 0 0 
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Fig.1. Frequency of isolation of Staphylococcus spp.and other bacteria from 
samples of neonates in OMH. 
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Fig.2. Frequency of isolation of Staphylococcus spp. and other bacteria from 
samples of nursery staff's nostrils in OMH. 
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Fig.3. Frequency of isolation of Staphylococcus spp.and other bacteria from 
samples of neonates in TTH .. 
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Fig 4. Staphylococcus epidermidis isolated from infected forehead of a neonate 
showing multi resistance to seven antibiotics (ampicillin , chloramphenicol 
,cloxacillin, penicillin, erythromycin, streptomycin, and tetracycline). 
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Fig 5. Staphylococcus aureus isolated from: (a) infected umbilicus of 
a neonate and (b) nostril of a nursery staff showing sensitivity to 
vancomycin on Muller-Hinton agar. 
Fig 6. Staphylococcus aureus isolated from an abscess on the wrist of 
a neonate showing: (a) resistance to methicillin and (b) sensitivity to 
novobicin. 
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Fig 7. Staphylococcus caseolyticus isolated from infected skin lesion (neck) of a 
neonate showing antibiotic sensitivity to five antibiotics (gentamycin, 
chloramphenicol, erythromycin, streptomycin and tetracycline). 
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CHAPTER  FIVE 
DISCUSSION 
Literature on nosocmial infections indicate that they continue to remain an important 
cause of morbidity and mortality in neonates. The infection rates greatly exceed the 
rates observed in other parts of the hospital (Hemming et al., 1985). The changing 
pattern and frequent emergence of resistant bacteria make the problem more difficult. 
In this study, fifteen species of the genus Staphylococcus have been found to be the 
causative organisms of noscomial infection in neonates at OMH and TTH. These 
include S. aureus, S. epidermidis, S. saprophyticus, S. haemolyticus S. hominis, S. 
warneri, S. hyicus, S. saccharolyticus, S. cohni, S. caseolyticus, S. lugdunenis, S. 
auricularis, S. caprae, S. lentus and S. schleiferi. 
In the present study, S. aureus was found to be the most common pathogen in neonate 
infections representing 35% of isolates. This result is in agreement with those 
reported by Hamdoon (2005), who stated that S. aureus was the predominant isolate 
representing 76%, causing septicaemia in infants and neonates in Khartoum State. 
Moreover, the result of this study is in agreement with Richards et al. (1999) and 
Jeong et al. (2006) who indicated that S. aureus was the most common pathogen of 
pneumonia in newborn. 
             S. aureus causes blood stream infections and sepsis, skin/soft tissue/wound 
infections, osteoarthritis and less commonly, central nervous system infections such 
as meningitis and ventriculitis. The pathogenesis of S. aureus is related to patterns of 
colonization (Polin and Saiman, 2003). In addition, Couto et al. (2000) reported that 
the umbilical cord, the perineum, and the groin are the first sites to be colonized by S. 
aureus in neonates, and the colonization of these mucocutaneons sites being an 
important risk factor for S. aureus infections. 
 64
            In TTH, S. epidermidis is major pathogen causing nosocomial infection (34%) 
and S. aureus representing 24% of isolates, was considered as the second major 
pathogen. This finding is in line with the results of Richards et al. (1999) and Mireya 
et al. (2006) who reported coagulase negative Staphylococcus (i.e. S. epidermidis) as 
the first major pathogen of blood stream infection. Also, Marconi et al. (2005) 
isolated Staphylococcus species from blood and catherter tips of neonates, and they 
reported that 86.4% of isolates were S. epidermidis compared to 6.8% S. aureus. 
Methicillin resistant S. aureus (MRSA) is of great importance, being 
associated with many outbreaks (Davis et al., 1987; Corbel, 1997). An example of  an 
outbreak was reported by Numbiar et al. (2003) who stated that 12 neonates were 
infected or colonized with MRSA, 11 of whom had the epidemic strain. Seven of 
these eleven neonates had invasive diseases, including bacteremia, meningitis, or 
urinary tract infection, and four neonates were colonized with the epidemic strain. 
Another example of  an outbreak was reported by Bertini et al. (2006) who recorded 
that an outbreak of skin infection in a Maternity Nursery caused by transmission from 
nurse – to – newborn. Moreover, de  Brito et al. (2006) reported two outbreaks by 
both methicillin susceptible S. aureus (MSSA) and methicillin resistenant coagulase 
negative Staphylococcus (MRCONS). Endemic incidence rates of 3.77% and 5.16 of 
S. aureus and CONS, respectively were associated with bloodstream infection in 
neonates. CONS components of normal flora of neonates, have emerged as important 
opportunistic pathogens of noscomial infections that occur in neonates. 
In the current study, S. epidermidis accounted for 25% and 33.3% at OMH and 
TTH, respectively. This species was found to be the most frequent microorganism 
among  infections caused by CONS. This may be attributed to the ability of S. 
epidermidis to produce a toxin similar to S. aureus delta toxin. This toxin is an 
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exoprotein that has detergent action on the membranes of various cell types resulting 
in rapid cell lysis (Marconi et al. 2005). S. epidermidis is widely recognized as an 
etiologic agent of bacteremia, prosthetic and natural valvular endocarditis, 
osteomyelitis, urinary tract infection and peritonitis caused by ambulatory dialysis 
with a frequent association with the colonization of intravascular catheters and 
orthopedic devices (Sheagren, 1984; Brumfill and Hamilton – Miller, 1989). Also 
MRCONS were observed to cause outbreaks in neonates (de Brito et al. 2006).  
In the present study, other CONS associated with neonate infections included 
S. haemolyticus (10% and 9.5%) S. caseolyticus (5% and 9.5), S. schleiferi (5% and 
14.3%) at both OMH and TTH, respectively. S. saprophyticus (10%), S. 
saccharolyticus (5%), S. warneri (5%) and S. cohni (5%) only at OMH, and S. lentus 
(4.8%) and S. lugdunensis (4.8%) only at TTH. These results are in harmony with 
those reported by other research workers. In 1980s many surveys indicated a higher 
frequency of S. epidermidis, S. saprophyticus and S. haemolyticus strains associated 
with human infections compared to other CONS species (Jordan et al. 1980; Kloos 
and Wolfshohl, 1982;Marisk and Brake, 1982; Sewel et al. 1982). Strains belonging 
to the species S. hominis, S. lugdunensis, S. warneri and S. saccharolyticus can 
occasionally cause beacteremia and infective endocarditis (Kloos and Bannerman, 
1994). 
Van Hoovel et al. (2005) described three cases of acute native valve 
endocarditis due to S. lugdunensis. Another study by de La Table  et al. (1999) 
indicated  that S. lugdunensis  was associated with skin infection in the perineal area. 
Also, Senining et al. (2000) described a case of late prosthetic valve endocarditis 
caused by S. haemolyticus. 
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Staphylococcus aureus colonizes approximately 30% of the general population 
and up to 50% of persons who are intravenous drug users, diabetics, or health care 
workers. The organism is mainly transmitted between persons by close contact 
(Archer, 1998; Waldvogel, 2000). In addition to its increasing ability to resist 
antimicrobial agents, S. aureus displays a wide array of virulence factors that render it 
capable of causing a larger spectrum of infections than any other bacteria (Archer, 
1998). Though neonates can be colonized through contact with the mothers, many 
population – based studies provided good evidence that the nursery staff usually 
spreads this microorganism and that the hands are the most important route of 
transmission (Couto et al. 2000; Safdar and Maki, 2002). 
In the current investigation, the species of Staphylococcus isolated from 
nursery staff at OMH included S. epidermidis (25%), S. aureus (20%), S. hyicus 
(10%), S. haemolyticus (10%), S. caprae (5%), S. caseolyticus (5%), S. 
scchardolyticus (5%), S. hominis (5%), S. auricularis (5%),  S. schleiferi (5%) and S. 
lugdunensis (5%). S. epidermidis was found to be the major organism of nasal 
carriage at OMH. This result is in line with that of El Sanousi (2000). Kloos (1980) 
mentioned that Staphylococcus species population was large where the sites were 
moist like anterior nares, axillary inguinal region and perineal area. S. epidermidis 
was found to be dominant species on the head and thorax (Noble, 1990). Moreover, 
Frebourg et al. (1999) reported that 33 of 42 nasal cultures of Charles Nicolle 
hospital, France contained organisms that belonged to MRCONS.  
S. aureus (MRSA) is ranked second in this study among organisms of nasal 
carriage after S. epidermidis and viewed as a hospital pathogen. Similar results were 
reported by El-Sanousi (2000). Likewise, Kolmos (1999) mentioned that 20% of 
normal population were nasal carriers of S. aureus. 
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Outbreaks of nosocomial staphylococcal scalded skin syndrome (SSSS) in 
infants have been well described associated with the baby nursery or delivery room. 
Two cases of SSSS were described in very low birth weight infants in a neonatal 
intensive care unit (NICU). In addition, S. aureus was isolated from 2 of 12 (17%) 
exposed asymptomatic infants; two of 20 (10%) ancillary staff; 8 of 30 (27%) nurses 
and 6 of 24 (25%) physicians. Exfoliative toxin  A-producing strains were isolated 
from both cases and one asymptomatic infant. No toxin was expressed by strains 
isolated from staff. Pulse field gel electrophoresis demonstrated genetically identical 
stains of S. aureus from the two SSSS cases and asymptomatic infant, whereas three 
staff members harbored strains genetically related to the case strain. Unexpectedly 
two additional unique clusters of genetically related strains to S. aureus were 
identified from the surveillance clusters (Frebourg et al. 1999). Furthermore, they 
reported that the rare occurrence of nosocomial SSSS was attributed to transmission 
among extremely low birth weight infants. Multiple infection control strategies were 
effective in limiting the outbreak. Molecular epidemiology investigation supported a 
unique S. aurens strain responsible for this event and the presence of bidirectional 
spread between staff and patients of non-toxin producing strains. Additional 
supporting results to the present study results were reported in Spain, by Gaspar et al. 
(1992), and in USA by Mainsoun et al. (2006). 
In the current study, among clinically important isolates from nostrils, S. 
haemolyticus ranked second after S. epidermidis. This result is in accord with those of 
Kloos and Bannerman (1995), and De Paulis et al. (2003). S. haemolyticus has been 
associated with septicemia in neonates and various infections in individuals with 
compromised host defenses and implanted foreign bodies (Mehta et al. 1991; Mehta 
and Kumari, 1997). Likewise, Adebayo et al. (2005) reported that one strain of multi-
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resistant S. haemolyticus was recovered from nasal culture of a medical staff member 
at a hospital in South Western Nigeria, and two strains from wound swabs of 
outpatients with skin and soft-tissue infections. 
5.3 Antibiotic sensitivity: 
In the present study, the results of antibiotics sensitivity test showed that the 
different isolates of Staphylococcus varied in their response to the ten antibiotics 
tested. 
Staphylococcus isolates were found to be completely resistant (100%) to 
ampicillin and penicillin. The isolates showed 100% and 95% resistance to cloxacillin 
in neonates at TTH and OMH, respectively. These results are in agreement with those 
of Forbes et al. (1998) and Jawerte (1989) who reported resistance of staphyloccus 
isolates to penicillin and attributed it to the production of to β-lactamase enzyme by 
staphylococci. Likewise, Chambers (2001) reported that more than 80% of both 
community and hospital acquired staphylococcus isolates were resistant to penicillin. 
             In the current study, the resistance of isolates to methicillin varied from 62% 
to 94.4% in neonates at TTH and OMH, repectively. However, the resistance of 
isolates from nursery staff to methicillin at OMH was 20%. It is interesting to note 
that all S. aureus  strains isolated from neonates and nursery staff were found to be 
completely resistant (100%)  to Methicillin. Methicillin was introduced in 1961, and 
was the first of the semi synthetic penicillinase resistant penicillins (Lowy, 2003). 
Prevalence of resistance to antibiotics among staphylococcus isolates from all 
nosocomial and community – acquired infections has increased, and as many as 
46.6% of S. aureus strains and 86.7% of CONS strains were methicillin resistant 
(Garvin et al., 1999). Again, in this study, the resistance of isolates to gentamicin, 
erythromycin and streptomycin accounted to 25%, 25% and 30% , respectively in 
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TTH, and accounted to 23%, 54% and 28% , respectively in OMH in neonates. 
However, the resistance of the same isolates ranged from 0.0% to 40% in nursery staff 
at OMH. Similar results reflected that 20 - 50% of S. aureus exhibited resistance to 
erythtomycin, linomycin and gentamicin. 
This variation in the resistance ranges of isolates to erythromycin and gentamicin may 
be attributed to the high effect of the latter. These results are in line with those of 
Shehab El-din et al. (2003).The resistance of the same isolates to tetracycline ranged 
from  20% to 33% in neonates in TTH and OMH, and  it was 10% in nursery staff  
isolates in OMH. Similar results were reported by Shehab El-din (2003). 
Again, in this study, chloramphenicol scored the lowest resistance level. The 
resistance was 15% , 17% and 10% in neonates in TTH and OMH, and in nursery 
staff in OMH, respectively. 
         All isolates of staphylococci showed complete susceptibility (100%) to 
vancomycin in TTH and OMH. This is in agreement with Udo et al.(1996).Two 
recent reports of infections caused by vancomycin resistant Staphylococcus aureus are 
of great concern because they reflect both complete resistance and different 
mechanism for dissemination (Walsh and Howe, 2002). Vancomycin may be 
considered as the most active drug for therapy. Similar results were also obtained by 
Shehab El-din et al. (2003) and El-Sanousi (2000). It is of interest to mention that one 
strain of MRSA showed intermediate sensitivity to vancomycin in neonate in TTH. 
Multi resistant bacteria, i.e. bacteria resistant to several antibaiotics were first 
reported in the 1950s from Japan. Strains of Shigella, dysentery causing organism, 
isolated from antibiotics treated patients, showed resistance to several different 
antibiotics (Schlegel, 1995). 
 70
In the present study, all the tested isolates of staphylococci showed resistance 
to more than one drug (at least three drugs). Their resistance varied from resistance to 
three drugs (penicillin, ampicillin and cloxacillin) to nine drugs (ampicillin, 
chloramphencol, cloxacillin, erythromycin, gentamicin, pencillin, streptomycin, 
tetracycline and methicillin). 
S. aureus isolates were found to be the most resistant ones showing resistance 
to 9 drugs. The second highest isolate was S. epidermidis showing resistance to 8 
drugs. These results are in agreement with those of Cohen (1992) who reported that 
multiple drug resistance has been demonstrated in Mycobacterium tuberculosis, 
Haemophilus, spp Proteus spp, Salmonella spp, Serratia spp and Staphylococcus 
aureus. 
In this study 62.5% of S. aureus  isolates were resistant to 4 out of 10 
antimicrobial drugs used. S. epidermidis isolates were the most resistant where 50% 
of them were completely resistant to more than 5 anti microbial drugs. 
Little work on nosocomial infection has been carried out in Sudan, e.g. nosocmial 
surgical site infection with staphylococcus aureus (Abu El-nour, 1997), drug 
resistanance to aerobic nosocomial bacterial contaminants to selected antimicrobial 
agents (Abdalla, 1999), nosocomial wound infection by staphylococcus spp. in 
Omdurman City (Ali, 2005). As far as nosocomical infection in neonates concerned, 
the present study may be the first report. 
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CHAPTER  SIX  
 
6. CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 Conclusions 
 
                From the findings of this study, it can be concluded that: 
 
1. Nosocomial infections occur in  neonates  in  different hospitals 
 
     in Sudan. Fifteen   species of  the genus  Staphylococcus  have 
 
        been found to be the causative organisms of  these infections. 
  
2.    Among the fifteen species of  Staphylococcus , S. aureus and S.  
 
       epidermidis   were     as   the  major  pathogens.   
 
3.    Staphylococcus isolates were found to be completely resistant 
 
     (100%) to ampicillin and penicillin, which are widely used in Sudan.  
 
4.   S. aureus isolates from neonates  and nursery Staff  were found  
  
     to be completely resistant (100%) to methicillin.This result suggests 
 
     that  nursery   staff  are  one  of  the  main sources of nosocomial  
 
     infections to neonates. 
 
5.   In  this  study, multi - drug  resistance was shown by most of the  
 
      isolates.The multi- drug resistance varied from 2 ( ampicillin,and  
 
      penicillin ) to 9 ( penicillin, ampicillin, cloxacillin, erythromycin, 
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      streptomycin, tetracycline, methicillin, chloramphenicol  and  
 
      vancomycin ) drugs. 
 
6.   The most resistant isolate was S. epidermidis which  showed 
 
   50  %  multi- drug resistance for  more than  five  antimicrobial 
 
    drugs,  while  60 %  of   S. aureus showed multi- drug resistance 
 
    for four antimicrobial drugs. 
 
6.2 Recommmendations  
 
       Based on the findings of this study and discussion, the following  
 
  recommendations are suggested to prevent nosocomial infections in 
 
  neonates: 
 
1.  Strict sanitation and hygienic measures should be practiced. Hand  
 
      washing, use  of disinfectants  and  the  use  of   gloves must  be 
 
      promoted to limit the spread  of nosocomial infections nneonates. 
 
2.    Restrictions of visitors and patients movement. 
 
3.   A routine  screening  of  Staphylococcus   nasal  carriers  among 
 
      nursery  staff  is  advisable eliminate source of infection. 
 
4.   Control of antibiotics use to reduce the emergence of multi- drug  
 
       resistant pathogens in hospitals. 
 
5.  Further  studies  should  be  carried  out  in all States of the Sudan 
 
      including Khartoum State. 
 
6.   Furthermore,  the  need for strain typing using molecular biology 
 
     techniques (electrophoresis and PCR) is essential to identify the  
 73
 
     specific  strains  causing  the nosocomial infections, and to study 
 
     the epidemiology of the infection. 
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